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EXECUTIVE SUMMARY 
Computer simulation models are known to be the most attractive tools to assess hydrological or 
environmental situations in irrigated and drained lands. As such, crop-water-environment-models 
have been increasingly applied to assess the short and long-term impacts of water management 
options on the land/water productivity and the environment. In view of the potential of computer 
modeling application in future, it has been an integral and most important component of the 
Indo-Dutch Network Project. Since the success of any modeling exercise depends to a great extent 
on the availability of quality input data, the field experiments planned under the project provided 
the necessary inputs to calibrate/validate the models. 
Four models the SWAP, the UNSATCHEM, the SALTMOD and the SURDEV have been applied. 
Out of the four, three models have been successfully calibrated and validated at least at one location. 
The model SALTMOD, on the other hand, has been applied under three different agro-climatic 
conditions. Excellent results were obtained with SWAP on irrigation management in drained 
lands, UNSATCHEM for describing solute transport for one-dimensional variably saturated - w-ater 
flow with multi-component solute transport with major ion equilibrium and kinetic chemistry, 
SALTMOD for prediction of salt and water balance scenarios in drained lands under varying 
water management options, and SURDEV for developing guidelines to optimise the irrigation 
performance. The SWAP and the UNSATCHEM, being physically based models, besides practical 
applications had strong advantages in understanding the physical processes. It was observed 
however,.that to extend their use to other sites would require dedicated efforts in assembling the 
input data. On the other hand, the SALTMOD and the SURDEV are based on simplified concepts 
and are therefore, less demanding on inputs. With intensive and extensive application of these 
and other computer simulation models, it is believed that firmer recommendations would emerge 
to decide upon the full potential of these models for their application in India. Without doubt, 
computer simulation models being powerful tools, their application for planning purposes in the 
irrigation commands of India would be quite common. 
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1. GENERAL BACKGROUND 
Agriculture is a key sector in India’s economy, contributing about 35% of the Gross Domestic 
Product and employing 65% of its adult population. Of the total population of over 1000 million, 
more than 30% live below the poverty line and about 75% live in rural areas, depending directly 
or indirectly on agriculture. One-third of the agricultural labour force are women and agriculture 
is the main source of employment for women in rural areas. Annual agricultural growth has been 
modest at 2.6% per annum over the last 25 years. Development plans of the Government of India 
(GoI) and State Governments give priority to alleviating poverty and creating employment, 
particularly / in rural areas. Considerable irrigation potential has been created in India to sustain 
agricultural production against the vagaries of rainfall that is scarce and unevenly distributed in 
space and time. 
The introduction of irrigated agriculture, however, in arid and semi-arid regions of the country 
has resulted in the development of the twin problem of waterlogging and soil salinization, with 
considerable areas either going out of production or experiencing reduced yield. It is estimated 
that an area of nearly 8.5 million ha is affected by soil salinity and alkalinity, of which about 5.5 
million ha in the irrigation canal commands and 2.5 million ha in the coastal areas. The problem of 
increasing salinity caused by the rise of the water table and the lack of drainage is considered as a 
major environmental problem that threatens the capital investment in irrigated agriculture and 
its sustainability. 
GoI’s long-term strategy is to stimulate agricultural growth and promote rural development 
through improved water and land management, enhanced efficiency of irrigation and drainage 
networks, strengthened research activities, increased attention to environmental protection, and 
improved rural infrastructure. 
Investment programmes, to address these elements and to re-establish growth, are of high priority 
in the Tenth Five Year Plan of Go1 and State Governments. It is planned to double the food grain 
production in the next two decades. This can only be achieved through a concerted effort on all 
fronts including the reclamation of waterlogged salt-affected lands in*all irrigation command 
areas. Irrigated agriculture will continue to be the mainstay of progress in the Indian agriculture 
to ensure food and nutritional security through crop diversification. 
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2. THEPROJECT 
During 1995, the Governments of India and The Netherlands agreed upon collaboration in the 
Network Operational Research Programme on the Control of Waterlogging and Salinization in 
irrigated Agricultural Lands. The programme started on 1 November 1995 upon approval by the 
Government of India through the Side Letter and ended on 30 April 2002. 
The programme aimed at the development of appropriate location-specific drainage and 
reclamation technologies for solving the problems of waterlogging and salinity in canal commahds 
of India. It also envisaged developing practical survey methods for diagnosis of problems of 
waterlogging and salinity. Further it aimed at establishing competent Centres in these fields. From 
here on, the programme is referred to as the Indo-Dutch Network Project for short. 
I 
2.1 Project Outline 
The Indo-Dutch Network Project was planned and executed with the use of the Objective Oriented 
Project Planning (OOPP) technique. Based on the overall p d  project objectives, the results and 
corresponding activities were formulated in a logical framework (Table 1). 
The project had four overall objectives: 
1. Increase of agricultural production from salt-affected lands through application of proper 
soil and water management practices along with other agro-techniques 
Prevention of deterioration of productive land through adoption of appropriate soil and water 
management practices , 
Improvement of social-economic conditions of small and marginal farmers of these lands 
Developing expertise for handling reclamation projects in India 
2. 
3. 
4. 
From these overall objectives, two Project Objectives were derived: 
1. 
- 
Strengthened research capacity of CSSIU and the four State Centres, especially in the field of 
waterlogging and salinity control 
Enhanced awareness on drainage and related water management for the control of 
waterlogging and soil salinity at State and Central level 
2. 
The overall and project objectives were translated in eight project fesults (Table 1). For each result 
an Objectively Verifiable Indicator was formulated to monitor whether the Project achieved the 
results as planned. This has resulted in a list with means of verification specifymg how the indicators 
are reported. However, the conditions needed to reach these results were not always within the 
competence or mandate of the Project, and were therefore considered as outside factors, although 
with importance for the Project. These conditions, sometimes also referred to as risks but in this 
project as Important Assumptions, were monitored. The results were translated in a set of activities 
(Table 2). These activities formed the basis of the research conducted by the participating Network 
Centres. In the subsequent annual work plans the activities were further specified based on the 
reported progress. 
2 
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Table 1. Overall logical framework Indo-Dutch Network Project - objectives and results 
Objectively verifiable indicators Means of verification Important assumptions 
Overall objectives 
1 Increase of agricultural production from salt- 
affected lands through application of proper 
soil and water management practices along 
with other agro-techniques; 
2 Prevention of deterioration of productive land 
through adoption of appropriate soil and 
water management practices; 
3 Improvement of social-economic conditions 
of small and marginal farmers of these lands; 
4. Developing expertise for handling 
reclamation projects in India. 
Project objectives 
1 Strengthened research capacity of CSSRI 
and the four State Centres, especially in the 
field of waterlogging and salinity control 
2 Enhanced awareness on drainage and 
related water management for the control of 
waterlogging and soil salinity at State and 
Central Level 
Results 
1. A methodology for identification of 
waterlogging and soil salinity conditions 
using reomote sensing 
2. Recommendations on waterlogging and 
salinity control based on drainage pilot area 
research 
3. Appraisal of irrigation and drainage 
practices by computer simulations. 
4. Improved human resources at CSSRI and 
the four State Agricultural Universities 
through training 
5. Operational Training Centre at CSSRI 
6. Enhanced awareness at State and Central 
level on the necessity of an agricultural 
drainage policy 
7. Enhanced awareness at farmers' level on 
improved irrigation and drainage for control 
of warelogging and salinity 
B. Advice on drainage and related water 
management 
By April 2002 CSSRI and the four State Review by experts 
Centres will have published quality reports 
on the control of waterlogging and soil 
salinity Check on relevant 
By April 2002 there will be ample documents 
documentary evidence of enhanced 
awareness on waterlogging and salinity 
control at village, State and Central level 
* Joint report 
By April 2002 CSSRI ahd the State Centres 
will have published a joint report with a 
methodology to identify waterlogging and soil 
salinity conditions Joint report 
By April 2002 CSSRI and State Centres will a progress reports 
have published a joint report on combating 
waterlogging and soil salinity * Joint report 
By April 2002 CSSRI and at least 2 State Progress reports 
Centres will have published a joint report on 
the appraisal of irrigation and drainage 
practices by computer simulations tested in 
the drainage pilot areas * Progress Reports 
By April 2002, 50% of the project staff and Interviews 
100% of the scientific staff will have parti- Back-to-office 
cipated in a training activity reports 
* Field check 
By April 2002 CSSRI will have developed 3 * Review of curricula 
training modules and conducted at least 2 * Course evaluation 
national training courses in the new training 
Centre Che k of relevant 
By April 2002 at least 3 State Governments docu ents 
will have expressed their willingness to 
prepare an agricultural drainage policy as 
documentary evidence Progress repors 
By April 2002 in at least 2 State Centres a Meeting with 
Pilot Area Farmers Committees will have farmers , 
been established * Progress reports 
Bv ADril2002 CSSRI and the State Centres 
progress reports 
reports 
Acceptance of 
Project results at 
policy level 
Investment in 
improved water - ' 
management 
Continued 
support of ICAR 
and State 
Agricultural 
Universities 
* Continued 
involvement of 
trained staff 
Involvement of 
relevant staff 
available at 
CSSRI for 
networking 
Acceptance of 
project results by 
' end-users 
(Ministries, 
farmers, 
contractors, pipe 
manufacturers) 
have each given at least 20 working days/ 
year advice to others 
I 
' 3  
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Table 2. Overall logical framework Indo-Dutch Network Project-activities 
Activities Important assumptions 
1.1 
1.2 
1.3 
1.4 
1.5 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
3.1 
3.2 
3.3 
3.4 
4.1 
4.2 
4.3 
5.1 
5.2 
5.3 
5.4 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
8.1 
8.2 
8.3 
8.4 
8.5 
Identify study area 
Develop physical facilities for remote sensing 
Develop a methodology 
Map waterlogged and salt-affected areas 
Report on methodology and its applicability 
Select pilot areas in farmers' fields 
Conduct a drainage experiment 
Conduct a water management experiment 
Conduct a socio-economic study 
Conduct a cost-benefit analysis of drainage 
Conduct other related studies 
Formulate recommendations 
Select computer models 
Acquire physical facilities 
Conduct computer simulations for diagnosis and prediction 
Report on the appraisal 
Participate in training activities in India 
Participate in training activities abroad 
Conduct or participate in in-service training activities 
Construct and furnish training centre and hostel 
Prepare a programme for National Training Courses 
Develop training modules on 
- Land Drainage 
- Management of Problem Soils 
-.Use of Poor Quality Water for Agriculture 
Conduct National Training Courses 
Train field-level workers on the need for drainage 
Conduct workshops & seminars on the need for drainage 
Include officers from interested agencies in the Project 
Implementation Committees (PIC'S) 
Prepare and distribute appropriate literature 
Promote awareness by public relation activities 
Conduct a desk-study on the institutional and organisational 
set-up of agricultural drainage in other countries 
Prepare a.background document for State Agricultural 
Drainage Policies 
Undertake excursions to drainage projects 
Train extension workers and farmers on drainage ' 
Conduct farmers' days 
Prepare and distribute appropriateliterature , 
Involve local farmers in project activities 
Establish Pilot Area Farmers Committee 
Assist others with training courses 
Assist others with drainage design 
Advise others on drainage and related water management 
Advise others on diagnosis and mapping of problem soils 
Report on the advises rendered 
Qualified staff at Centres 
Timely approval of proposals by the 
competent authorities 
Qualified staff at Centres 
Timely approval of proposals by the 
. competent authorities 
-: + '0 No climatic catastrophe 
0 Full co-operation of the relevant 
organisations 
Full co-operation of farmers 
Qualified staff at Centres 
Qualified staff at Centres 
Qualified staff at CSSRI 
Identified need for National Training 
Courses 
Full co-operation of the relevant 
organisations 
Qualified staff at Centres 
Co-operation of State and Central 
organisations 
Qualified staff at Centres 
Full co-operation of farmers 
Qualified staff at Centres 
Requests for advice 
I 
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2.2 Implementing Agencies 
The Executive Authorities of the Indo-Dutch Network Project were the Indian Council of 
Agricultural Research (ICAR) and the Royal Netherlands Embassy. (RNE), New Delhi. The 
implementing agencies of the Indo-Dutch Network Project were: 
The Central Soil Salinity Research Institute (CSSRI), Karnal, as coordinating centre (focal 
point) for the following state centres: 
The Acharya N.G. Ranga Agricultural University (ANGRAU), with office facilities at Bapatla. 
The University of Agricultural Sciences, Dharwad (UASD), with office facilities at  
Bheemarayanagudi and Gangavathi 
The Gujarat Agricultural University (GAU), with office facilities at Navsari 
The Rajasthan Agricultural University (RAU), with office facilities at Hanumangarh 
The Supporting Agency from The Netherlands was the International Institute for Land Reclamation 
and Improvement (Alterra-ILRI), Wageningen. 
2.3 Reporting 
Several options were considered to bring out the final report of the project. In the end, it was 
decided to bring out 4 different volumes. While the first three vollimes deal with the Project 
Results 1 to 3, the fourth volume provides an overview of the accomplishments in the human 
resource development and establishment of a training centcr (Project Results # 4 and 5). It was 
decided that the information on activities related to enhanced awareness and advise on drainage 
rendered by the centers (Project Results # 6 to 8) would form a part of the ifidividual reports that 
would be brought out by the Network Centres. 
, 
5 
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3. THIS REPORT 
This is the completion report of Project Result # 3 ”Appraisal of Irrigation and Drainage Practices 
by Computer Simulations” of the Indo-Dutch Network Project for Operational Research on the 
Control of Waterlogging and Salinization in Irrigated Agricultural Lands. 
In March 2002, a Workshop was held to present the achievements of the Project. 
The work for this project result has been carried out at CSSRI, Karnal, Bapatla (ANGRAU, Andhra 
Pradesh) and Navsari (GAU, Gujarat) centres (Fig. 1). All the studies concerning Project Result # 
3 are separately reported under the various headings of this report. 
Figure 1. Map of India showing network centres 
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4. SOIL-WATER-ATMOSPHERE-PLANT MODELING: WESTERN 
YAMUNA CANAL COMMAND (CSSRI) 
. .  
4.1 Introduction 
Knowledge of water and solute flow in the root zone is essential to assess soil/water conditions 
and management options to manage land and water in a most-effective manner. Numerical model 
Soil-Water-Atmosphere-Plant (SWAP) which integrates water flow, solute transport and crop 
growth was utilised to assess the performance of subsurface drainage activities at Mundlana in 
Sonepat district. The SWAP model essentially models: 
I 
Solute transport 
Heat flow 
It includes soil heterogeneity, detailed crop growth parameters, regional drainage at various levels 
(both surface and horizontal subsurface drainage are included) and water management options. 
With the addition of. graphic interface, this model seems to be lone of the good models that are 
now available for simulating salt and water balance in the root*zone. 
Water transport through numerical solution of the Richard’s flow equation 
4.2 Study Site 
Study site is located in the Western Yamuna Canal Command and is a part of the Indo-Gangetic 
alluvial plain. The selected site has been severely affected by the problems of waterlogging and 
soil salinity. A brief description of the site follows. 
Experimental site is in the Sonepat district of the Haryana State near Gohana. With an average 
annual rainfall of 550 mm and average potential evapotranspiration at 1650 nun, the area forms a 
part of the semi-arid region of the state. The study site is flat with gentle slope ranging from 0.1 YO 
to 0:2 Yo. The soils of the experimental site are sandy-loam in texture in the surface l m  layer. The 
soil textuie is loam between 1 to 5.2 m and below which it is silty clay. The soils were initially 
saline having salinity as high as 50 dS m-l. The soil salinity decreases after the monsoon but 
gradually increases during post-monsoon season. Some parts of the fields are also affected by the 
alkali problem. Water table fluctuates between the soil surface during the monsoon season to a 
depth of about 1.4m during the summer. Thus, drainage improvement is essential for the 
reclamation of these lands. The salinity of the groundwater is 22 dS m-l during summer, which 
also reduces to 14 dS m-l during rainy season as a result of dilution. 
A subsurface drainage system was provided on an area of about 8 ha with drains spaced at 50,67 
and 84m. The depth of {he drains was kept at 1.75m. Following the installation of drainage system, 
salts were leached and it was possible to grow crops. The present modeling study has been carried 
out in an area where sorghum-wheat cropping sequence was followed for a period of 3 years 
(1990 to 1992-93). The conjunctive use of saline drainage and groundwater was made to irrigate 
the crops. 
I 
I 
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4.3 Model Calibration and Validation 
4.3.1 Calibration 
The data for the 3 agricultural years was used to calibrate and validate the model. The model was 
calibrated for the agricultural year 1990-91 (one wheat and one sorghum crops including fallow 
period). A fallow period between last week of August to second week of November was included. 
The soil physical parameters for the present simulation study are reported in Table 3. 
Table 3. Model input data for Van Genuchten - Mualem parameters describing 
the water retention and unsaturated hydraulic conductivity characteristics 
Soil layers Ks (cmld) = (llcm) Ne) Kex0 (-1 
I 48.7 0.0213 1.800 -0.400 
11 60.0 0.0205 1 .goo -1 .o00 
I l l  25.5 0.1820 1.952 -1.400 
The data were the same for all the treatments and for the whole study period. At the bottom 
boundary, the groundwater levels were assigned as per the observed data. The relevant crop 
characteristics for calibration of the SWAP model are presented in Table 4. The maximum effective 
root length for the wheat and sorghum were taken as 130 and 150 cm, respectively. Estimated leaf 
area index of wheat exceeded 1.0 m2/m2 at 7 weeks after sowing and it reached a maximum of 4.4 
m2/m2 at 15 weeks after sowing and thereafter rapidly decreaseddue to leaf senescence (Table 4). 
The leaf area index of sorghum up to 4th week was less than 1 mz/m2 but it showed an increasing 
trend and c. peak value of 5.6 m2/m2 was recorded at the time of harvesting because crop was 
harvested for forage (Table 4). The reduction in water uptake by roots due to water and/or salinity 
stress was also included in the model. The critical pressure head (h) was taken as -400 cm (wheat) 
and -325 cm (sorghum) for a high evaporative demand of 5 cm/d. At low evaporative demand of 
1 cm/d, the (h) amounted -1500 cm for wheat and -2500 cm for sorghum. A brief description of 
the crop factor, the threshold and the slope follows. 
Table 4. Ranges of plant characteristics of sorghum and wheat 
Characteristics Sorghum Wheat 
Duration (days) 
Leaf area index (m2/m2) 
Rooting depth (m) 
Yield response factor 
Rooting density distribution 
Crop factor 
ECe threshold (dS/m) 
EC slope (% per dS/m) 
77-79 
0.05-5.6 
0.0-1.5 
0.9-1 .o 
0.4-1 .O 
0-1.28 
4.10-8.8 
9.5-14.6 
155-1 58 
0-4.4 
0.0-1.3 
0.9-1 .o 
0.15-1 .O 
0-1.36 
3.06-4.73 
9.3-1 3.2 
Joint Completion Report on IDNP Result # 3 
"Computer Modeling in lrrigatioii and Drainage" 
A two-way approach is adopted to calibrate the daily potential evapotranspiration. In the first 
step the calculation of reference evapotranspiration is made using Penman-Monteith equation for 
wet and dry canopy with complete soil cover and potential evaporation rate of wet, bare soil. In 
the second step, the crop evapotranspiration is calculated using the crop coefficients which were 
developed at Karnal. The estimated Kc values of wheat measured by lysimeter experiment at 
Karnal by Frad method during initial, crop development, reproductive and last stages were 0.47, 
1.36,1.02 and 0.35 respectively and these values estimated by PanE method were 0.75, 1.30, 1.16 
and 0.33 in respective stages. The estimated Kc values calculated by Frad and PanE during initial 
stage were 1.34 and 2.14 times respectively higher than the FAO Kc values and these values were 
also 1.56 to 1.82 times higher during crop development stage. This could mainly be due to additional 
source of energy available from soil heat flux. But in the reproductive phase and at maturity, the 
average Kc values were identical to the FAO values. The average seasonal Kc value of wheat is 
slightly higher than the FAO value. 
During the sorghum season, the estimated average stage-wise Kc values differ markedly with 
FAO Kc values in the respective stage except the third stage (reproductive phase). Crop coefficient 
were in the range of 0.45 to 0.53 in the first stage and average Kc value was lower than the FAO 
value by 30%. In the second stage, Kc values were in the range of 0.82 to 0.93 and estimated 
average Kc value during this stage was 13.7% lower than the FAO value. But in the reproductive 
phase (third stage), the average Kc values were identical to the FAO value. The estimated average 
Kc value was lower than the FAO Kc value by 32.6% in the last stage. However, the average 
seasonal Kc value of sorghum was slightly higher than the FAO value. The crop coefficients as 
actually measured at Karnal were used for the present study. 
For the present simulation study, the ECe threshold at which yield reduction starts for different 
stages ranged from 4.10 to 8.89 ror sorghum and 3.06 to 4.73 for wheat. The ECe slope for the two 
crops were set at 9.5 to 14.6 for sorghum and 9.3 to 13.2 for wheat. The initial pressure head of 
were provided in each compartment, and initial solute concentrations of 3.17,3.08,2.76,3.43 and 
3.22 mg/cm" at respective depths were defined. The model predicted salt concentration did match 
closely with the field observed ECe levels. The predicted values of soil ECc are 11.7,8.8,9.7 and 8.1 
dS/m. The predicted values of soil ECe were more closer to observed values when crop was irrigated 
with groundwater (GW) than canal water (CW). Probably the model simulates more leaching of 
salts with uniform soil layers when ECeis less than 2 dS/m. A very close agreement between the 
model estimated soil profile moisture and field measured values for the two water qualities of 
canal and groundwaters were observed. The nice calibration of the SWAP model is further reflected 
in close matching of the simulated and measured crop yield (Table 5). 
In case of canal water, no reduction in yield has been observed for both the crops. When the crops 
are irrigated with underground poor quality water, simulated yield reduced to 96 and 61% for 
sorghum and wheat, respectively. Thus, the difference between field observed and predicted values 
by the model were only 4 and 6% for respective crops. 
A 
-145.4, -121.9, -101.12, -90.1 and -66.9 cm for 0-15, 15-30, 30-60,60-90 and 90-120 cm respectively , 8 !a! 
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Table 5. Predicted and observed yield of crops under canal water 
and groundwater for 1990-91 
Crops Years Relative grainlforage yield (%) 
Predicted Observed Difference 
cw GW cw GW cw GW 
Sorghum 1990 1 O0 96 1 O0 92 O 4 
Wheat 1990-91 1 O0 61 1 O0 67 O 6 
I 
4.3.2 Validation 
The validation study was conducted using data for the remaining 2 years period i.e., 1991-93. The 
soil, water and plant parameters used in the calibration were kept as such for the validation period. 
The calibrated profile water salinity could match very closely also during the validation period 
with the field observed values when crops were irrigated with groundwater (GW), drainage water 
(DW) and alternative modes of canal and groundwater (AG) and canal and drainage water (AD). 
The ECe under canal water predicted by model were less than 1 dS/m while observed - salinity 
were slightly higher than 1 dS/m. The satisfactory validation was further reflected in close matching 
of soil profile moisture with the measured values for both the canal and groundwater. Finally, the 
average differences of the model predicted and observed grain yield of both crops were very 
small (Table 6). 
The measured and simulated grain yield of sorghum differed only 2.7 to 4.3 t ha-* (5.7 to 8.7%) 
during 1991-92 and 1.3 to 3.0 t ha-’ (2.1 to 6.1%) during 1992-93. Similarly, the small differences in 
wheat yield of 0.17 to 0.29 t ha-’ (3.7 to 6.4%) during 1991-92 and 0.07 to 0.33 t ha-* (1.6 to 7.0%) in 
1992-93 were observed. These observations reflect the utility and power of the SWAP-model. 
Table 6. Simulated and observed yield (t hal) of crops under 
different treatments during 1991-92 and 1992-93 
I 
I Treatments Sorghum Wheat 
Predicted Observed Difference Predicted Observed Difference 
(PI (0) (P-0) (PI (0) (P-0) 
1991-92 CW 49.9 49.9 0.00 4.61 4.61 0.00 
DW 48.9 44.8 4.10 4.61 4.44 0.17 
GW 46.4 43.6 2.70 2.85 2.62 0.23 
AD 49.4 45.7 3.71 4.61 4.36 0.25 
AG 49.4 45.1 4.30 4.24 3.95 0.29 
1992-93 CW 51.2 51.2 0.00 4.74 4.74 0.00 
DW 50.1 47.1 3.02 2.74 4.48 0.26 
GW 47.1 45.8 1.30 4.32 2.25 0.07 
AD 50.6 49.1 1.58 4.74 4.41 0.33 
AG 50.6 48.9 1.71 4.31 4.10 0.21 
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Short-term irrigation management scenarios are simulated and compared with the simulated results 
of a reference irrigation scenario, which is based on the results from experiments conducted during 
1990-91 to 1991-92 at the same site (Table 7). The recommendations include a pre-sowing irrigation 
with canal water (ECl,,,=0.36 dS/m) to leach the salts during the initial stage of crop growth and 
application of more water for leaching. This pre-sowing irrigation with fresh water is essential 
because the evaporation during the months of May and June is about 10-12 mm/d, which causes 
salt accumulation in the surface layer. Since sorghum is sensitive to salinity during germination 
stage, a salt free root zone is needed at this stage. To leach the salt applied with irrigation water, 
excess application of water is recommended. Since the water in the command is limited, it was . 
thought to assess the under irrigation scenario as well as a scenario in which saline water is used 
for irrigation for pre-sowing. 
1 
I 
The quite satisfactory agreement between the model simulation and field observation for various 
soil, water and crop parameters provided the required confidence in using the successfully 
calibrated and validated SWAP simulation model for short-term and long-term (two decades or 
more) scenario building studies. 
4.4 Scenario Building 
Whenever water is scarce, whether because of natural shortage or inadequate allocation, farmers 
adept to this situation by reducing the amount of water applied to make its best possible use. It 
helps in cutting the non-productive use of water by curtailing evaporation, deep percolation and 
other losses. On a short-term basis, the marginal impact of water management variables like 
quantity, quality and its application frequency helps to achieve higher water application efficiency. 
On the other hand, it is feared that salt accumulation might occur during such situations. Thus, 
such a scenario might increase soil salinity and adversely affect the crop production in the long- 
term. Therefore, a study on short and long-term impact of such a scenario on environment 
degradation is attempted. -. 
4.4.1 Short-term Scenario 
In the under-irrigation scenario, two possibilities were examined. In both the possibilities the 
total depth of water applied was decreased from 60 cm to 48 cm (20%) of the reference depth. This 
was achieved by reducing the depth of each irrigation in one case. In the other, depth of irrigation 
was adjusted in such a manner that number of post sowing irrigation were reduced from 4 to 3 
and was designated as low frequency. In the second scenario, a pre-sowing irrigation of inferior 
quality of groundwater mixed with canal water is given to wheat crop. The results of seasonal salt 
and water balance under different scenarios are reported in Tables 8 and 9 while the annual salt . 
and water balance is reported in Table 10. The initial salt storage in all the scenarios was set at 
around 142 mg/cm2 such that the impact of the alternate options could be compared. 
In case of reference scenario, the wheat crop is over-irrigated than sorghum crop, as indicated by 
higher change in salt storage during the wheat season (+24.2 and +13.6 mg/cm3, Table 9) compared 
to sorghum crop (-80.8 and -3.4 mg/cm3, Table 8). When the rainfall is about 423 mm during 
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monsoon season (June to September), some salt accumulation was observed in the soil profile 
with low irrigation frequency or under irrigation scenarios compared with reference scenario. 
During the winter season (November to March), salt accumulation was higher in reference scenario 
compared to under or lower irrigation frequency scenarios (Table 9). It is mainly due to higher 
amount of drainage water (42 cm) applied under reference scenario than the low irrigation 
frequency or under irrigation scenarios (33 cm). 
Table 7. Details of management scenarios in term of quantity (cm), 
quality (mg/cm2) and frequency of water application 
~~~~~ ~ 
Scenarios Sorghum season (June-August) Wheat season (November-April) 
Quantity Quality Frequency Quantity Quality Frequency 
(mg/cm2) (cm) (mg/cm2) (no.) 
Pre Post Pre Post Pre Post 
Reference i o  a 0.28 0.28 1 1 i o  a 0.2 5.121 1 4 
(60cm) 4.4v 
(4acm) 4.48 4.48 
Low frequency 8 7  0.28 8.58 1 1 9 a 5.121 5.121 I 3 
(48cm) 4.48 4.48 
Under irrigation 8 7 0.28 8.58 1 1 7 6.5 5.121 5.121 1 4 
* Salinity of water in the first and second year of experiment 
Table 8. Seasonal salt and water balance during the sorghum seasons 
~~~ 
Scenarios P(cm) Ip(cm) Tac,(cm) Eac, (cm) DW (cm) DS (mg/cm2) Qbot (cm) 
Reference 1990-91 50.4 i 8.0 23.6 8.5 -13.2 -80.8 -49.5 
1991-92 42.3 i 8.0 21.6 9.2 11.4 -3.4 -17.2 
Under-irrigation 1990-91 50.4 15.0 23.6 8.7 -46.2 -37.9 -1 5.5 
1991-92 42.3 15.0 21.6 9.2 11.8 16.5 -14.3 
Low frequency 1990-91 50.4 15.0 23.6 9.4 -1 3.2 -42.7 -45.2 
1991-92 42.3 15.0 21.6 13.7 11.0 21.6 -1 4.3 
Table 9. Seasonal salt and water balance during wheat seasons 
Scenarios P(cm) Ip(cm) Tac,(cm) Eact (cm) DW (cm) DS (mg/cm2) Q,,, (cm) 
Reference 1990-91 1 1 .O3 42 25.1 10.6 -6.16 24.2 -23.19 
1991-92 8.34 42 21.2 7.2 -0.54 13.6 -22.20 
Under-irrigation 1990-91 11 .O3 33 26.1 10.6 -6.63 -8.2 -13.80 
1991-92 8.34 33 21.2 7.3 -0.85 13.3 -14.80 
Low frequency 1990-91 11 .O3 33 25.2 7.8 8.1 -7.1 -3.70 
1991-92 8.34 33 21.2 7.4 -1.23 -5.2 -1 3.52 
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It may be seen that there is no major build-up of salts even on annual basis (Table 10). Since a 
large fraction of the water applied goes below the root zone, it takes care of leaching requirement 
for salt balance (Table 10). The yield and transpiration of sorghum are not affected by the irrigation 
given under different scenarios (Table 11). In the low irrigation frequency scenario, more salts are 
leached due to less amount of water taken by plants compared to reference scenario and thus, 
more water is available for leaching of salts. In the under or low irrigation scenarios, relative ET, 
transpiration efficiency and evapotranspiration efficiency are more than the reference scenario. 
Managing salt and water balance by means of changing the irrigation interval or depth is more 
effective in the wheat (November to April) season than in the sorghum season. 
Table 10. Annual salt and water balance for two years under different scenarios 
Scenarios P(cm) Ip(cm) Tact (cm) E,=, (cm) DW (cm) DS (mgkm*) Qbot (cm) 
Reference 1990-91 84.5 60 48.7 28.7 -14.6 -74.4 -78.7 
1991-92 58.4 60 42.8 24.4 -0.47 9.23 -49.6 
Under-irrigation 1990-91 84.5 48 48.7 28.9 -14.7 ' -0.61 -66.5 
1991-92 58.4 48 42.8 24.4 -0.49 26.1 -37.6 
Low frequency 1990-91 84.5 48 48.8 24.8 -14.4 -71.3 -67.0 
1991-92 58.4 48 42.8 23.9 -0.43 25.2 -38.1 ' 
Table 11. Crop response indicators under different scenarios 
Scenarios Relative Relative Transpiration Evapotranspiration 
Sorghum Wheat Sorghum Wheat Sorghum Wheat Sorghum Wheat 
yield ET efficiency efficiency 
Reference 1990-91 
1991 -92 
Under-irrigation 1990-91 
Low frequency 1990-91 
1991 -92 
.o0 1.00 86.6 71 .O ' 34.4 50.3 47.4 67il 
.o0 1.00 85.9 61.5 35.6 47.5 50.3 63.5 
.o0 1.00 89.3 86.6 35.7 56.7 48.6 74.0 
.o0 1.00 86.6 87.5 37.4 50.8 53.1 64.7 
.o0 1.00 89.7 79.6 36.0 54.0 48.9 68.0 
1 991 -92 1.00 0.99 87.2 78.6 40.7 46.5 52.7 59.0 
4.4.2 Long-term Scenarios 
The long-term scenario studies (1990-91 to 2010-2011) were carried out in order to predict long- 
term trends of soil salinity and crop yield under current and improved practices. The annual 
complete cycle for the year 2000-2001 and 2010-2011, comprising of sorghum and wheat crops in 
the sequence, have been considered for analysing and discussing the results obtained after 10 and 
20 years of simulation. The data in Table 12 show that the relative yield of both crops is not 
affected by under-irrigation or low frequency irrigation scenarios. The higher values of relative 
ET, transpiration efficiency and ET efficiency are obtained when 20% less water is applied either 
through under-irrigation or low frequency irrigation compared with reference scenario. . 
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’ Table 12. Plant response indicators under different long-term scenarios 
Scenarios Relative 
yield 
Sorghum Wheat 
Reference 2000-01 
2010-11 . 1.00 1.00 
Under-irrigation 2000-01 1.00 1.00 
2010-1 1 1.00 1.00 
Relative 
ET 
Transpiration 
eff iciencv 
Sorghum Wheat 
85.6 72.0 
84.9 64.5 
90.3 86.6 
87.6 88.5 
Sorghum Wheat 
35.4 51.3 
36.6 48.5 
36.7 57.7 
38.4 53.8 
Evapotranspiration 
efficiency 
Sorghum Wheat 
66.7 
Low frequency 2000-01 1.00 0.99 89.7 78.6 37.0 55.0 49.9 69.0 
201 0-1 1 1.00 0.99 87.2 79.6 39.7 47.5 53.7 62.0 
From 1990-1991 to 2000-2001, the salt storage in the profile increased tÒ19.3 mg/cm“ (1.93 t/ha) in 
reference scenario compared to 29.7 and 29.1 mg/cm3 (2.9 t/ha) in case of under irrigation and 
low frequency irrigation (Table 13). During the 20 years (2010-2011), no salt build-up in the profile 
under reference scenario is indicated as salt storage value is -52.5 mg/cm2. In other two scenarios 
(under or low frequency irrigation), the salts build-up are very less (2.9 and 1.7 mg/cm2, 
respectively). Soil salinity values in all the scenarios are less than 4 dS/m. It indicated that irrigation 
with 20% less water as compared to farmers practice, can be successfully utilised without any 
deterioration in land productivity. 
Table 13. Salt and water balance under different long-term scenarios 
Scenarios P(cm) Ip(cm) Tact (cm) E,,, (cm) DW (cm) DS (mgkm*) Q,, (cm) 
Reference 2000-01 65.1 60 46.4 26.5 -0.01 19.3 -49.0 
2010-11 60.9 60 43.5 22.8 -5.86 -52.5 -45.8 
Under-irrigation 2000-01 65.1 48 46.5 26.6 -0.2 29.7 -37.0 
2010-11 60.9 48 42.3 24.9 1.5 2.9 -38.0 
Low frequency 2000-01 65.4 48 46.4 26.4 -0.10 29.1 -37.1 
2010-11 60.9 48 42.1 24.6 1.5 1.7 -38.3 
4.5 Conclusions and Recommendations 
In shallow water table areas, it is possible to reduce the water requirement of crops since a 
part of the water requirement can be met from the shallow water table. In the study area, a 
water of 4-5 dS/m salinity could be ,applied for pre-irrigation. This recommendation needs 
to be further tested for other agro-climatic conditions. 
_1_ : ’  
1 ) I  . 
SWAP is a powerful tool to test various alternate management options for planning purposes 
in the irrigation commands of India. A more rigorous testing of the model is underway at 
several locations in India. It is believed that based upon the outcome of these studies, firmer 
recommendations would emerge upon the full potential of this model for its application in 
India. 
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5. SOLUTE-TRANSPORT MODELLING USING UNSATCHEM (CSSRI) 
5.1 Introduction 
In the arid and semi-arid regions of India, poor quality groundwater is in the range of 32-84"/0 of 
the total groundwater available for use. Highly alkali groundwaters pose a serious threat to crop 
production in about 25 and 21% of the total area of Punjab and Haryana states respectively. These 
alkali waters are commonly used in conjunction with canal water in parts of Indo-Gangetic plains 
to grow rice and wheat crops. Use of such groundwater is also a serious threat to land resource as 
it may lead to rapid development of alkali soils. Thus, continued use of alkali waters for irrigation 
in a closed system may deteriorate the soil and water resources of the region and affect the 
sustainability of crop production in the long run. 
To understand the complex chemical interactions involved in solute transport under alkali water 
irrigation, a study has been undertaken to apply UNSATCHEM code that is capable of accounting 
many processes that occur under such situation. An approach based upon the following four 
components was adopted: 
The experimental data were collected and analysed for testing UNSATCHEM. 
Analytical solutions were identified/developed that simulates one/ two of the complex 
processes. 
The simulated results from UNSATCHEM were compared with observed data and analytical 
models. 
5.2 Basic Features of UNSATCHEM 
Various irrigation management strategies were tested. 
- i  
The UNSATCHEM package has been developed at US salinity laboratory and has been placed 
in public domain. Thus, it can be used freely by the scientific community. It simulates water, 
heat, carbon dioxide and solute transport in one-dimensional variably saturated media. The 
software essentially konsists of UNCHEM, which numerically solves the Richard's equation for 
variably saturated water flow and convection-dispersion type equations for heat, carbon dioxide 
and solute transport. The water uptake by plants is included through a sink term. The model 
accounts for equilibrium chemical reactions between these components such as complexation, 
cation exchange and precipitation-dissolution. The water flow part of the model can deal with 
prescribed head and flux boundaries, boundaries controlled by atmospheric conditions as well 
as free drainage conditions. The code is applicable to even non-uniform soils. A graphics-based 
user interface, UNSATCH for data preparation and graphical outputs is included. Since the 
model considers precipitation, dissolution and dissolution-precipitation reactions, it can be a 
useful tool for assessment of salt transport in alkali water irrigated land with or without gypsum 
application. 
i 
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5.3 Water Quality and Study Sites 
5.3.1 Hisar Experiment 
This stúdy has been conducted in laterally confined soil columns. The sandy-loam soil used in the 
experiment contained by weight 58% sand, 16% silt and 16% clay. The cation exchange capacity is 
120 mmolc/kg, pH,,,is 8.1 and EC,:, is 0.3 dS/m. The soil profile was initially non-sodic. The soil 
was stabilised over a one-year period. The artificially prepared water (Ar1 of Table 14) was applied 
to have a cumulative depth of 100 cm. In another test, 297g of gypsum was applied in the top 0-10 
cm layer before 100 cm cumulative depth of water was applied. The depth-wise distribution of 
ESP in the soil columns was determined after the termination of the project. The details of this 
experiment are provided by Poonia (1990). 
Table14. Alkali water quality parameters in Hisar and Ludhiana experiments 
Water Ca Mg Na K so4 CI EC SAR RSC ALK 
type (mmo1 /I) (mmo1 /i) (mmolil) (mmolil) (mmo1 /I) (mmoljl) (dS/m) (mmolc1~2/11~2) (mmoljl) (mmoljl) 
HEAR 
AP1 2.00 0.96 16.90 0.15 0.95 2.09 2.00 13.90 14.00 16.96 
~ r -  LUDHIANA 
'GW1 0.90 0.60 9.90 0.10 0.70 4.20 1.07 1 1.43 5.10 6.60 
GW2 0.70 0.70 11.20 0.10 0.70 2.70 1.11 13.38 7.90 9.30 
cw 1.50 0.80 0.40 0.10 0.95 0.35 0.20 0.37 0.00 1.50 
5.3.2 Ludhiana Site 
The soil at this site is loamy sand with average cation exchange capacity as a function of depth 
varying from 30-62 mmolc/kg. The soil was not sodic. Initial calcite concentration was 1% by 
mass. The summer Moong crop was grown with two kinds of alkali water. The artificially prepared 
groundwater quality that has been used in these experiments are reported in Table 14 (GW1, 
GW2) along with the quality of canal water (CW). Since the RSC of these waters is more than 2.5, 
it is anticipated that continued application of such water would deteriorate the soil resource as 
well as affect crop production. 
The salt accumulation, plant root density and yield were measured. The treatment with GW1 
(RSC=5.10 meq/l) was used to calibrate the model while treatment with GW2 (7.9 meq/Q) was 
used to validate the model. Six irrigations each of 7 cm were applied besides rainfall of 4.5 cm that 
occurred during the crop-growing season. Dhaliwal (1992) provided data for this study. 
While making simulations, the following assumptions have been made: 
I 
l 
i 
Surface stagnation of water has been allowed without surface run-off. 
Free drainage is assumed at the lower boundary. 
A constant soil temperature of 25°C has been assumed. 
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hydrodynamic dispersion equation was used. The breakthrough curve found by this solution, 
shows good agreement with the curve obtained with UNSATCHEM (Fig. 3). This shows that 
sulphate indeed displaces through the soil without significant chemical interactions. Furthermore, 
the good agreement suggests that non-uniform flow and transport effects are limited and may be 
accounted for by appropriately choosing the value of dispersivity. 
Since it is not expected that soil solution will flow slowly enough to equilibrium, the kinetic 
option for a rate limited calcite precipitation is used taking calcite area as equal to l~lO-~m*/m-~ 
in the case of Hisar site. 
Some of the soil and chemical interaction related parameters are reported in Table 15. 
Table 15. Selected parameters for soils and chemical interactions 
~ ~ ~ ~~~ 
Process Hisar experiment Ludhiana experiment 
Evaporation rate (cmlday) 0.05 * 
CO, concentration (cm3/cm3) 
Dispersivity (cm) 
Calcite areakontent 
Gapon selectivity coefficient 
-Na-Ca exchange (mmol,í~2/1i~*) 
-K-Ca exchange (mmol;~2/lin) 
-Na-K (mmol;Wz) 
CEC (mmoljkg) 
0.00035-0.04 
(0-14.0 cm and below depth) 
5 
l ~ l O . ~ ( m ~ / m ~ )  
0.27 
0.27 
1 .o 
120 
0.00033-0.022 (0-30 cm) 
0.0025 (32-50 cm) 
0.0008 (below 50 cm) 
10 
1 % by mass 
0.35 
0.35 
1 .o 
30-62 * -  
* cropped area, daily ET for the cropping season were calculated 
5.4 Calibration and Validation 
5.4.2 Alkali Water Use on Cropped Land 
Experimentally determined profiles of EC,, SAR, dissolved sodium and ESP were simulated for 
this case. The SAR/ESP profiles for two qualities of groundwater used are shown in Figs. 4a, 4b, 
Joint Completion Report on IDNP Result # 3 
"Computer Modeling in Irrigation and Drainage" 
' ____________Simulated Observed I 
O f t  ---i 
o 20 40 60 80 
Depth (em) 
Observed 
____________Simulated 
Figure 2. Calibration (a) and validation (b) of UNSATCHEM 
for Hisar column study . 
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Figure 3. Breakthrough curves for S0,at 65 c m  depth 
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4c and 4d. The good agreement for RSC 5.10 meq/l could be obtained by adjusting the dispersivity 
and the Gapon coefficients (Fig. 4a and 4b). Without changing these parameters, a good match is 
visible for the water with RSC = 7.90 (Fig. 4c and 4d). This provides a good confidence in the 
assumptions that are made to simulate the results of the experiments. 
____________Simulated Observed I 
o 20 40 60 80 1 o0 120 
Depth (cm) 
____________Simulated Observed I 
20 I I 
% 10 
o .  Lu I 
O 20 40 60 80 1 O0 120 
Depth (cm) 
____________Simulated - -+- O I 
O 20 40 60 80 1 O0 1 20 
Depth (cm) 
( C )  
Observed  ____________Simulated 
--;- - -  - - -  * -+. _ - _ _  _  - - ? _ .  - - - _  
20 8 10 
O I 
o 20 40 60 80 100 120 
h p t h  (cm) 
Figure 4. Changes in’SAR/ESP concentrations at soil exchange 
complex (calibration (a,b) and validation (c,d)) 
I 
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Calibration outputs of the profiles of individual cations Ca2+, Mg2+, Na+ and K+ as a function of 
depth are reported in Fig. 5. The changes in composition of the soil solution and the exchange 
complex reveal a chromatography process in which a front that exchanges Ca in favour of the 
incoming Na, a dominant ion in irrigation water, moved to large depths. In the top soil, where 
Ca/Na exchange has come almost to equilibrium, Ca exchanged in favour of the incoming Mg. 
This front moved slowly. It also showed that Mg did not participate in precipitation reactions that 
form the insoluble dolomite CaMg (CO,). Both carbonates and bicarbonates react mainly with 
calcium that is introduced via irrigation water or that is desorbed from the exchange complex in 
the top soil. 
The basic theory provided by Bolt was used to approximate these simplifications in the complicated 
transient flow and reactive transport problem under field conditions. The numerically obtained 
results agreed well with the experimentally determined profiles for cation transport (Fig. 6). The 
analytical solution, which is very simplified, requires few parameters and agrees well with both 
UNSATCHEM simulations and field observations. 
It seems that under these conditions, cation exchange is the dominant process with a minor role 
for calcite precipitation. The cation chromatography process concerns two different phases i.e. a 
fast front where Na replaces Ca at the exchange complex followed by a slow front that involves 
Ca desorption by Mg. These fronts can be modelled as if they occur separately. 
Ca (in) 
---- C a  (f  1 
_ ._ .  - 'Mg (in) 
. . . . . . . . . . . Mg (f  1 
Na ( f  1 
K (in) 
K ( f )  
__- - -  
-.. -..- 
__ -__ -  
Depth (cm) 
Figure 5. Changes in adsorbed concentrations at soil exchange 
complex (calibration) 
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Figure 6. Comparison of UNSATCHEM, analytical and field results 
5.5 Scenario Building: Conjunctive Use 
Many investigators have recommended conjunctive use of alkali and fresh water. There has, 
however, been a confusion on the appropriate mode of conjunctive use i.e. whether the two waters 
be mixed and then applied or cyclic use of waters should be made. A group favours the cyclic 
application while another favours mixing. Since agronomically, it is easier to deal with one kind 
of water, mixing has been preferred mode at many places. In the case of saline water, it has been 
brought out that mixing may be as good as cyclic mode as long as the salinity of the mixed water 
is less than the threshold salinity of the crop to be irrigated. Beyond this value, cyclic mode may 
be better depending upon whether fresh water would be available as and when required. 
To assess this issue in the case of alkali waters a scenario building study was conducted using 
UNSATCHEM. Fig. 7a (cyclic) and Fig. 7b (mixing) provides ESP profiles developed under the 
two strategies. It could be seen that ESP is largest near the surface whereas the adverse effects of 
alkali irrigation water are only partly found at larger depths. Maximum ESP values are 16-17 at a 
few centimetre depth. Apparently, the canal water that follows the groundwater in cyclic mode is 
unable to sufficiently counter the sodification. 
On the other hand, mixing strategy also results in increased ESP but the ESP values at shallow 
depth are about two times as small compared with alternate use option (Fig. To). It appears that 
mixing water of different qualities in this case is a better management option than alternation of 
canal and groundwater. It may also be seen that at few cm depths both strategies lead to 
approximately the same ESP front. 
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Figure 7. ESP profiles with conjunctive use under alternate (a) and mixing 
(b) modes 
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5.6 Conclusions and Recommendations 
It appears that UNSATCHEM is an appropriate tool for describing solute transport for one- 
dimensional variably saturated water flow with multi-component solute transport with major 
ion equilibrium and kinetic chemistry. The application of this model to real field problems 
has been demonstrated. The application of the model for scenario building and planning 
purposes has been brought out. 
It is assessed that for irrigation of sensitive, shallow rooted crops, mixing of different quality 
waters may be more useful. For deep-rooted crops which can draw water from the lower 
depths, further work need to be done to arrive at appropriate recommendations. 
Since the model can be used to predict ESP profiles, it is possible to choose appropriate 
mixing proportions to remain within pre-decided ESP levels at a given depth. 
There are plans to make further use of this model to demonstrate its application to other 
kind of problems related to use of salt-affected water in agriculture or in land reclamation 
programmes. 
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6. SALT AND WATER BALANCE MODELLING: THE KONANKI PILOT 
AREA (ANGRAU) 
6il Introduction 
The rapid development of irrigation in India has been a major factor for enhancing food production 
in irrigated areas and for India reaching self-sufficiency in cereal grain production. In these 
command areas, when the imported surface water is made available at a highly subsidised price, 
the farmers refrain to develop and use groundwater for agriculture. This has disturbed the hydraulic 
equilibrium of groundwater basins. As a result, there has been a rise in the water table followed 
by degradation .of soils through waterlogging and secondary salt build-up in many canal 
commands. This has caused millions of hectares of land to go out of production. 
The Nagarjuna Sagar project, which is one of the important major irrigation projects of India 
commanding 0.475 and 0.387 million ha under Right and Left canals, respectively in the state of 
Andhra Prádesh is no exception to the above situation. The water table in the Right Canal Command 
has been rising at an alarming rate of 0.32 m/year and build-up of salinity is also noticed. It is 
estimated that an area of 0.136 million ha is waterlogged and 42,800 ha area is salt-affected within 
this command. In order to suggest practical solutions for combating these twin problems of 
waterlogging and salinity based on operational research, a pilot area of 21.6 ha was selected in 
this command near Konanki village in Prakasham district. Drainage systems were installed at 
this pilot area in an area of 13 ha. 
Long-term field experiments are required to develop suitable salt and water balance strategies, 
but are expensive, site specific and time consuming. Simulation models, however, can be used to 
test a wider range of conditions than met in the field. Once calibrated using experimental 
information, models could aid as management and decision making tools to obtain quantitative 
guidance in developing and evaluating drainage and irrigation strategies. SALTMOD is a computer 
program for prediction of the salinity of soil water, groundwater and drainage water, the depth of 
water table, and the drain discharge in irrigated agricultural lands, using different (geo)hydrologic 
conditions, varying water management options, including the use of groundwater for irrigation, 
a d  different crop rotation schedules. It is based on seasonal water balances of agricultural lands. 
The input data needed are related to the surface hydrology (like rainfall, evaporation, irrigation, 
use of drain and well water for irrigation, runoff) and the aquifer hydrology (like upward seepage, 
natural drainage, pumping from wells). The other water balance components (downward 
percolation, upward capillary rise, subsurface drainage) are given as output. This model is used 
in the present study to analyse salt and water balances to make long- term predictions of soil 
salinity and depth to water table. 
6.2 Study Site 
The Konanki pilot area is approximately 300 km east of Hyderabad and 80 km away from the 
coast h South India. The area is waterlogged with depth to water table varying from O to 3.74 m 
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and had salinity and sodicity problems (1.3 <EC,< 30 dS/m; 7.2 < pH < 10.0; 14.1 < ESP < 54.6). A 
pipe drainage system was installed in an area of 8 ha in the central part of the pilot area in May 
1999 (Fig. 8). On the northern side of the collector drain, ten pipe drains at a spacing of 30 m and 
on the southern side, five pipe drains at double spacing of 60 m were installed at a depth varying 
from 0.9 to 1.1 m below the ground surface. An open (deep) drainage system with three drains of 
1 m depth at a spacing of 100 m was also constructed in the northern part of the pilot area. The 
topography of the pilot area permitted gravity outflow at the end of the open drains and collector 
drain to dispose off the collected drain water into the natural drain, which is flowing north at the 
eastern side of the pilot area. 
Apart from monitoring the performance of drainage systems in the pilot area, the salt and water 
balance studies were initiated in the pilot area in the year 2000. As a part of these studies, the 
quantity and quality of all the inflows and outflows are being measured at regular intervals. 
The canal water entering the pilot area is being measured with Parshall flumes installed at the 
three inlet points (Fig. 8). In the pilot area, groundwater is not used for irrigation and hence it 
was not considered in the study. A standard rain gauge and a Class A pan were installed. 
Evapotranspiration is being estimated using the pan evaporation data and crop coefficients. 
Other meteorological data are collected from the nearby Indian Meteorological Department 
(IMD) observatory. Discharges from individual lateral pipe drains and outlets of drainage 
systems are being measured regularly. The depth to groundwater table in the observation wells 
as well as battery of piezometers is also being measured regularly. The data related to water 
quality are being collected at fortnightly intervals. Soil salinity is being measured in May every 
year in 3 layers, viz. 0-20 cm, 21-50 cm and 51-100 cm at 58 grid locations uniformly spread over 
the pilot area. 
6.3 Model Calibration 
Using the raw data collected at the Konanki pilot area, most of the parameters are estimated for 
use in SALTMOD input file (Tables 16 and 17). Values of few of the parameters are assumed 
logically. 
Some of the parameters, notably the natural drainage of groundwater through the aquifer and the 
leaching efficiencies of the root zone and transition zone could not be measured. Before applying 
SALTMOD, these factors were determined by running trials with SALTMOD using different values 
of leaching efficiency and natural drainage. Values were selected that produced soil salinity and 
depths to water table that matched well with the actually measured values. 
6.3.1 Determining the Natural Subsurface Drainage 
The natural subsurface drainage, Gn (Gn=Go-GI) is defined as excess of the horizontally outgoing, Go 
over the horizontally incoming, GI, groundwater in m/season. It was determined by setting the GI 
values at zero, varying arbitrarily the Go values, and finding the corresponding values of the depth 
to water table (D,) and the drain discharge (Gd). Annual Go values of O, 0.025,0.C5, 0.075, 0.1 and 
0.125m were considered. As the inflows (GI) aré set to zero, the Gn values are same as the Go values. 
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0 -  Observation wells - Open subsurface drains - Closed pipe drains - Buried collector - Open main drain 
I ../ * 
National Highway 
A Irrigation inlets 
Ongole 
Figure 8. Layout of drainage pilot at K o n d i  
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‘ Table 16. Season-wise input parameters for use with SALTMOD 
Serial Parameters Season 1 Season 2 Season 3 
No. 
1 Duration 13 July tol0 October 11 October tol 2 March 13 March to12 July 
2 Cropsgrown Green manuring Paddy Fallow 
3 Source of water Rainfall Rainfall and Rainfall 
(3 months) (5 months) (4 months) 
(crops like sun hemp) 
No irrigation water Canal water No irrigation water 
4 
6 Fallow 
7 Rainfall (m) 0.472 
8 
9 Groundwater used for irrigation 
10 Potential evapotranspiration of crops 0.354 
11 
12 Outgoing surface runoff (m) 0.06 
Fraction of area occupied by irrigated crop 
5 Fraction of area with unirrigated crops 1 .o 
Canal water used for irrigation (m) 
/non-irrigated area (m) 
Percolation from canal system (m) 
1 .o 
0.250 
0.625 
0.539 
0.10 
0.10 
1 .o 
O. 180 
0.71 8 
Table 17. Other input parameters for use with SALTMOD 
Serial No. Parameter Value 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
Storage efficiency 
Depth of root zone 
Depth of transition zone 
Depth of aquifer 
Total pore space of root zone 
Total pore space of transition zone 
Total pore space of aquifer 
Effective porosity of root zone 
Effective porosity of transition zone 
Effective porosity of aquifer 
Initial salt content of the soil moisture (dSlm) at field saturation in 
-Root zone 
-Transition zone 
-Aquifer 
Salt concentration of canal water (dSlm) 
Initial depth to water table from ground surface 
Critical depth of water, table for capillary rise 
0.75 
0.40 
1.60 
7.0 
0.40 
0.60 
0.40 
0.045 
0.045 
0.10 
1 1  -52 
12.10 
3.05 
0.60 
1.65 
1.50 
27 
Joint Completion Report on IDNP Result # 3 
"Computer Modeling in Irrigation and Drainage" 
Resulting D, and G, values after one year after installation of drainage systems are shown in 
Table 18. The data reveal that the low values of Gn predicted values very close to observed Dw and 
G, values in the third season. The corresponding values in the first season, on the other hand, 
were far below the observed values. With the high values of G, the situation was reversed. The 
Gn value was finally taken as 0.05 m per year. It means this much quantity of water is expected to 
join the natural drain as natural subsurface drainage. 
Table 18. Determination of natural drainage 
G Season 1 Season 2 Season 3 
~ ~~ ~ 
Dw (m) 
O O. 65 
0.025 0.69 
0.05 0.72 
0.075 0.77 
0.1. 0.80 
0.125 0.84 
Observed values 0.80 
~ 
Gd (ml 
0.029 
0.025 
0.022 
0.019 
0.01 6 
0.013 
0.030 to 0.040 
Dw (m) G, (m) Dw (m) Gd (ml 
-0.06 O. 144 . 1.14 O 
-0.05 0.142 1.18 O 
-0.04 0.141 1.22 O .  
-0.03 0.'139 1.26 O 
-0.02 0.138 1.3 O 
-0.01 0.136 1.34 O 
O to 0.30 0.090 to 0.140 1.1 o to 0.02 
6.3.2 Calibrating the Leaching Efficiency 
Leaching efficiency of root zone/ transition zone is defined as the salt concentration of the water 
percolating from the root zone/ transition zone into the underground divided by the average salt 
concentration of the soil water in the root zone/ transition zone. Leaching efficiency of the root 
zone (Flr) is given a range of arbitrary values 0.2,0.4,0.6,0.8 and 1.0 and the corresponding results 
of soil salinity are compared with the values actually measured. Fig. 9 shows that the observed 
soil water salinity in the root zone after the first and second years fall in between the leaching 
efficiency curves for 0.6 and 0.8. Arithmetically, the leaching efficiency was calculated as 0.65. 
Using a similar procedure, the leaching efficiency of transition zone was also found out as 0.65. 
t F C =  O 4 
-4- F l r =  O 6 
t F l r . 0 8  
+ F l r z l O  
+Observed 
O 10 20 30 40 50 60 70 80 90 100 110 120 
Time after installation of drains (months) 
Figure 9. Calibration of leaching efficiency of the root zone 
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6.4 Scenario Building 
6.4.l Prediction of Future Soil Salinity and Depth to Water Table 
When the model was run for 10 years period, the salinity of soil water in the root zone (Cr4), 
transition zone above the drain (Cxa) and transition zone below the drain level (Cxb) is observed 
to reduce due to the influence of the drainage system in the pilot area (Fig.10). It may be seen 
from the figure, for any year, the Cr4, Cxa and Cxb values in the first season are observed to 
reduce due to leaching by the high amounts of rainfall. The soil salinity is further reduced in the 
second season due to leaching by the huge quantities of irrigation water applied cor thé paddy 
crop in addition to rainfall. In the third season, the soil salinity is observed to increase because of 
movement of the salts from the lower layers to the upper layers along with the water by capillary 
because of leaching of salts from root zone into the transition zone. However, soil water salinity in 
the aquifer (Cqf) is observed to increase over the years due to leaching of salts from root and 
transition zones into the aquifer. The model predicts that, due to the existence of drainage system, 
rise (evaporation is more than the rainfall). Increase in Cxb value during the first year is mainly 
I 
, 
I 
the root zone soil water salinity will reduce to 4,3 and 2.5 dS/m [from an initial value of 11.5 dS/ 3 
m) during the first, second and third seasons within six years. 
E 
3i z. - I  ~- 
-+- Cr4 
-E- Cxa 
-A- C x b .  
4 Cqf 
O 10 20 30 40 50 60 70 80 90 100 110 120 , )  
! b  
Figure 10. Variation in soil salinity due to the influence of drainage system I 
I '  
The simulated depths to water table in all the three seasons for 10 years period indicated that in 
first season, the water table is expected to be at 0.6 to 0.7 m below ground level. The water table 
remains at the ground surface during crop season (season 2) and goes to 1.2 m during third season. 
About 7 and 23 cm of water percolates during first (rainy) and second (irrigation) seasons 
respectively, due to high rainfall received and irrigation water applied during these seasons. The 
capillary rise (8 cm) is observed to take place in third (fallow) season only, when evaporation is 
more than the irrigation plus rainfall. 
1 
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6.4.2 Reconstructing the Initial Situation 
To reconstruct the situation before introduction of drainage system, the model was run for a 
situation such that there is no drainage system in the pilot area. Due to rainfall and application of 
large quantities of irrigation water, the root zone soil salinity is observed to fall down by the end 
of the second season and reaches the peak value by the end of the third season during all the years 
(Fig. 11). Finally, it attains the peak values of 15,7 and 20 dS/m by the end of the first, second and 
third seasons, respectively of the 4th year. After that, a dynamic equilibrium develops with reference 
to root zone soil salinity. This is more or less the situation that existed before drainage system 
was installed in the pilot area. 
- +  
Figure 11. Variation in soil salinity in the absence of drainage system 
6.4.3 Effect of Varying Drain Spacing on Root Zone Salinity 
The drain spacing is represented by a parameter, QH1 in the input file. Higher the QH1 value, 
narrower the spacing between the drains. The QHlvalue under the present drain spacing in the 
pilot area is 0.009. In order to simulate the effect of drain spacing on root zone salinity, the QH1 
values were varied in the range of 60% (QHl= 0.0005), 80% (QH1= 0.0007), 120% (QH1=0.0011) 
and 140% (QH1=0.0013) of the present value. As the drain spacing is reduced, the root zone salinity 
decreased due to faster desalinisation, but approached the same soil salinity as in the present 
system (Fig. 12). Hence, closer than the present spacing will not be of any advantage. As the drain 
spacing is increased, the desalinisation of the root zone will be slower and will eventually result 
in higher soil salinity than with the present spacing. If such a final soil salinity of < 4 dS/m is 
acceptable (safe value for most of the crops), wider spacings than the present ones could be tried 
out in another field experiment. 
30 
, 6.4.4 Effect of Changes in Irrigation Water Applied on Root Zone Salinity 
The, ?mount of water supplied from the canal varies from year to year. The farmers can also 
decide on:the amount of irrigation water that he would like to apply. In order to simulate the 
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Figure 12. Root zone salinity dwing secogd season (paddy crop) 
as influenced by drain spacing 
effect of changes in irrigation water applied (WA) on root zone salinity, the model was run with 
a water application of 60,80,120 and 140% of the existing level. AS the amount of irrigation water 
applied increased, the root zone salinity reduced faster because of more leaching of salts from the 
root zone into deeper layers (Fig. 13). However, by applying 80% of present amount of irrigation 
water, the root zone salinity during second season (paddy crop) can be brought down to 5 and 4 
dS/m (safe value for most of the crops) by the second and fourth years, respectively. The reduced 
water application in turn would reduce the problem of waterlogging. 
o 
+0.6 I W A  
+O.S I W A  
t IWA 
T ) - l , Z I W A  
-1.4 I W A  
1 2 3 4 5 6 7 8 9 10 
I 
. .  
, .  . ' 
Time after installation of drains (years) 
Figure 13. Root zone salinity during second season (paddy crop) 
as influenced by changes in irrigation water supply 
6.4.5 Effect of Drain Depth and Irrigation Water Applied on Water Table 
The results of simulation of the effect of changes in drain depth (Dd) and irrigation water applied 
(WA) on depth to water table'during second season (paddy crop) (Fig. 14) irídicated that if more 
amount of irrigation water is applied and drain depth is reduced than the'present levels, water 
table comes closer to (above) the ground surface and hence not advisable. 
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Change in parameter, - Dd 
0.6 0.8 1 1.2 1.4 
0.6 I ' 1 
Figure 14. Depth to water table in season 2 (paddy) as influenced 
by changes in different parameters 
6.5 Conclusions and Recommendations 
On the basis of preliminary calibration and application of SALTMOD for salt and water balance 
modelling of the Konanki pilot area, the following conclusions have been drawn: 
SALTMOD is a very useful tool for prediction of salinity of soil water, groundwater and 
drainage water, the depth of the water table and the drain discharge in irrigated agricultural 
land under varying water management options. Its simplicity of operation and minimal 
requirement of data that are generally available should help in promoting its use by the 
engineers to obtain the results that could be useful for the planners. 
From calibration of the model, the leaching efficiencies of root zone and transition zone in 
the pilot area are estimated to be 65%. There is a natural outflow of 50 mm of groundwater 
every year from the pilot area into the natural drain. 
The model predicts that due to the existence of drainage system, the root zone soil water 
salinity will be reduced to 4,3 and 2.5 dS/m (from an initial value of 11.5 dS/m) during the 
first, second and third seasons within six years. Closer. than the present spacing will not be of 
any advantage. 
The requirement of irrigation water could be reduced to about 80% of its present value without 
any detrimental effect on root zone soil salinity. This would also alleviate the problems of 
waterlogging and salinity to some extent. 
. 
From this study, the following activities are suggested that could be undertaken in future : 
The monitoring of root zone salinity during other seasons should be undertaken to calibrate 
the model more accurately. 
An experiment should be framed to test wider drain spacing and reduced irrigation water 
supply than the present one under field conditions to confirm the model predictions. 
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7. DESIGN AND EVALUATION OF SURFACE IRRIGATION METHODS 
IN SOUTHERN GUJARAT USING SURDEV (GAU) 
7.1 Introduction 
The study area is located in the central western coast of India in the Southern Gujarat. South 
Gujarat comprises of the Valsad, the Navsari, the Dang, the Surat and the Bharuch districts with 
rainfall varying from about 850 mm to 2000 mm. The general topography of the area is flat. The 
soils of the area are clayey while some parts also have clay loamsoils. The main crops of the South 
Gujarat are sugarcane, paddy and fruit crops. Paddy is taken both during khavifand summer 
seasons. 
Sugarcane crop occupies more than 50% of the culturable command area in South Gujarat and it is 
mostly irrigated with furrow method of irrigation. Furrow method of irrigation is also adopted 
for many other vegetable crops of this area. Paddy and fruit crops like banana, mango, and papaya 
are irrigated using basin irrigation method. In fruit crops, ring basin method of irrigation is 
adopted. In paddy, farmers adopt field to field irrigation. 
The area, in addition to heavy rainfall, receives canal water throughout the year. The region has 
many streams flowing from eastern side and draining into the Arabian Sea. Farmers of the region, 
due to easy availability of water, knowingly or unknowingly apply more water, especially in the 
upper reaches of the canal. On the other hand, in mid and tail reaches of canal command and in 
well-irrigated areas, the water application is less than the demand and is non-uniform. 
Drip irrigation method is common for fruit crops. However, high initial investments; non- 
availability of after-sales service; lack of technical knowhow; and poor designs of the system has 
discouraged the farmers from adopting the drip method of irrigation. The advantage of the drip 
irrigation method is also achievable with surface irrigation methods if the land is perfectly graded 
and systems are properly designed and managed. In order to achieve this, a computer model has 
been developed at ILRI and is named as SURDEV. 
The SURDEV model package consists of three different models: BASDEV for basin design, FURDEV 
for furrow design and BORDEV for border design. The three models can be used for the design) 
operation and evaluation of these methods. In the present study, on the basis of the data collected 
from the field, an attempt has been made to assess the design parameters of basin and furrow 
irrigation method so as to attain high on-farm irrigation efficiencies. 
7.2 Model Parameters 
The variables involved in surface irrigation modelling are classified in two categories: field 
parameters and decision variables. Field parameters include the infiltration characteristics, the 
surface roughness or flow resistance and the required irrigation depth. In border and furrow 
irrigation, the gradient in the downstream direction is also a field parameter. In furrow irrigation, 
the shape and spacing of the furrows are also field parameters. 
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In the present study, SCS intake families are used to describe the infiltration characteristics of the 
soil. SCS intake families # 0.1 and 0.3 can be used to represent clay soils and SCS intake families 
0.3 and 0.5 for clay loam soils (Table 19). This table also shows the corresponding values of the 
infiltration constant and infiltration exponent of the Kostiakov equation. In various model runs, 
the flow resistance was taken as 0.15 and it was assumed that 80 mm depth of water is needed per 
irrigation. 
Decision variables are those parameters or variables that a design engineer can manipulate to 
obtain the best irrigation performance for given or selected field parameters. The decision variables 
in surface irrigation are normally the field size (length and width), the discharge and the cut-off 
time. In various runs, commonly used field sizes and discharges were used. 
Table 19. Model infiltration characteristics 
Soil class' SCS family Parameters of Kostiakov equation 
K (mm I minA) A (4 
Clay, silty clay 0.1 1.10 0.595 
Silty clay, clay loam 
Clay loam, loam 
0.3 
0.5 
1.59 
1.93 
0.650 
0.684 
7.3 Application of BASDEV for Basin Design 
The data collected at Segwa pilot area were used as input for designing the optimum time of 
irrigation. From field observations it was observed that most paddy fields vary from 10 m x 10 m, 
20 m x 20 m, 30 m x 20 m, 40 m x 30 m. Some additional dimensions of the basins are also included. 
The water discharge from different wells ranged from 10 to 15 Ips. An attempt was also made to 
measure the discharge from the canal, but since canal discharge enters at several points in the 
farmers' field, especially at the head reaches of the canal, it was difficult to measure. However the 
discharges in the mid and tail reaches of the canal are comparable with the well discharges. Two 
additional discharges of 20 and 25 Ips have also bken considered. 
For each combination of field size and available discharge, the BASDEV model was run in such a 
way that high application, storage and distribution efficiencies were achieved by optimising the 
cut-off time of irrigation. Table 20 shows the recommended cut-off times for current discharges; 
these are applicable both for clay soils as well as for clay loam soils. 
The above recommended cut-off times will result in application efficiencies of at least 80% and 
under-irrigation at the downstream end of the basins would not be more than 10% of the application 
depth. 
7.4 Application of FURDEV for Furrow Evaluation 
The FURDEV model was applied to evaluate the existing practices of farmers irrigating sugarcane 
in the Segwa pilot area. It was observed that at a time, farmers open 3 to 5 furrows for 8 to 10 
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Table 20. Recommended cut-off time (min) for clay soil 
Field size in m Discharge in Ips 
Length Width 10 12 15 20 25 
10 10 13 
15 15 30 
20 20 55 
20 
25 
30 
30 
30 
40 
40 
40 
40 
50 
50 
50 
50 
50 
25 
25 
20 
25 
30 
20 
25 
30 
40 
20 
25 
30 
40 
50 
65 
85 
80 
1 O0 
120 
105 
135 
160 
210 
135 
165 
200 
285 
340 
11 
25 20 15 12 
45 35 27 21 
55 
70 
65 
85 
1 O0 
90 
110 
135 
180 
120 
140 
170 
225 
300 
45 
55 
55 
65 
80 
70 
90 
105 
140 
90 
120 
140 
180 
250 
35 
42 
40 
50 
60 
55 
70 
80 
110 
70 
85 
1 O0 
135 
180 
27 
34 
32 
40 
50 
* 43 
55 
65 
90 
55 
70 
80 
110 
135 
t 
... 
I 
. . I  
.t 
c i 
hours, depending upon the available discharge. Thus, the discharge ranged from 2 to 3 Ips per 1 
furrow. Furrow lengths vary between 30 to 100 m in the area. 
FURDEV was run for above combinations of field parameters. For all combinations, it resulted in 
due to high surface runoff at the end of the furrows. Theoretically, this surface runoff could be 
taken care of by intercepting the runoff water into a drain perpendicular to the flow of water, 
which could be used for irrigating other furrows downstream. This would result in an overall 
improvement in application efficiency for the pilot area as a whole. Another solution would be to 
block the furrows at the downstream end. Many times, farmers practice this proposition. 
! 
J 
extremely low application efficiencies of less than 15%. This low application efficiency is mainly 
7, 
The first remedy is highly hypothetical; most of the water that leaves the furrow as surface runoff, 
flows directly to the surface drain and subsequently to the ocean. The second remedy will result 
in an uneven water distribution over the field; the upstream part receiving too less water and the 
downstream end too much water. This would result in reduced yield in the upstream part and in 
high percolation losses to the groundwater in the downstream part. In very heavy clay soils such 
as in Segwa, irrigating furrows with length up to 100 m cannot simply be done efficiently. 
Apparently, the remedial measures to improve the irrigation efficiency of furrows are required. 
One possible solution seems to change the irrigation method from furrows to basins. In that case, . 
application efficiencies will be as high as reported previously in this study. 
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7.5 Conclusions and Recommendations 
On the basis of applications of the BASDEV and FURDEV models in this study, the following 
conclusions and recommendations are formulated: 
The SURDEV model is an effective tool for developing guidelines to optimise the irrigation 
performance in level basin irrigation and for judging the irrigation performance in existing 
furrow irrigation. 
The prepared tables for level basin irrigation can be readily used as a guideline in Southern 
Gujarat for maximising the irrigation efficiencies for specific field sizes and available 
discharges. Similar guidelines could be prepared for other surface irrigation methods or for 
other areas. 
Under the prevailing conditions, furrow irrigation in heavy clay soils should be applied 
with care. Experiments should be framed where furrow irrigation is replaced by basin 
irrigation in farmers' fields to assess the performance and crop yield. 
. ". 
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8. SALT AND WATER BALANCE MODELING: THE SEGWA PILOT 
AREA (GAU) 
8.1 Introduction 
Ukai-Kakrapar is a major irrigation project in South Gujarat. This is the biggest multi-purpose 
project built on the river Tapi. The Kakrapar weir was constructed as stage I and regular irrigation 
in its command commenced in 1957. The Ukai dam was constructed as stage I1 and regular irrigation 
and construction of Ukai canal distributary system was started in 1974 and completed by 1983. 
The total cultivable command area of the project is 3.31 lakh ha distributed in Surat (1.9 lakh ha), 
Valsad (0.96 lakh ha) and Bharuch (0.45 lahk ha) districts. 
, 
I 
Before inception of the canal irrigation, farmers used to take only one rain fed crop during kharif 
also grown in a small area. The groundwater table was at around 10 m depth. So most of the good 
quality rainwater percolated into the soil. There were only few open wells and ponds in every 
village, which were used for domestic and drinking purposes. These water bodies eventually 
helped to recharge the deep aquifers. Due to thick vegetative cover all around and sustained 
ecosystem, rainwater leached all the accumulated salts during the year. Water table was deep and 
there was absolutely no salinity during that period. 
With the inception of canal irrigation in mid seventies, cropping pattern changed significantly, 
the farmers switched to high water requiring and perennial cash crops. Due to shift in cropping 
pattern in the canal command areas, sugar factories came up which prompted farmers of adjoining 
areas also to shift to sugarcane and paddy cultivation. The other important crops of the command 
which were formerly grown in the rainy season are now cultivated in the rabi / summer season 
under irrigated conditions. With the availability of cheap irrigation water, many head end farmers 
use excessive amounts of water. The excessive use of irrigation water combined with high rainfall 
in the area led to a rapid rise of the water table, resulting in the development of waterlogging and 
salinity in large areas. The use of poor quality irrigation water in non-command areas introduced 
another dimension to the problem of soil salinization in the command. The water table in Ukai 
Kakrapar command rose ralatively faster than other commands. The area where water table is 
within 1.5 m and 1.5 to 3.0 m cover an area of 13,000 ha and 1,06,000 ha respectively. Though no 
regular survey data on salt-affected soils is available, it is estimated that about 60,000 ha of the 
command area has problem of salinity, particularly in the coastal areas. 
Models are effective tools for studying the effects of certain interventions if they are implemented 
in the field. In pilot area research, only a limited number of field experiments can be framed 
whereas many more combinations of parameters are actually possible. Therefore, it is very useful 
to calibrate a model on the basis of pilot area studies and use it for studying various scenarios. 
Data collected from the pilot area during the last six years of the project have been used to develop 
various scenarios of salt build-up and status of the water table using SALTMOD. 
season. The main crops at that time were pigeon pea, sorghum, etc. However, kharifpaddy was ‘i 
- 1 
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8.2 Study Site 
A 188 ha block (Fig. 15) in Segwa minor of Surat branch in Kakrapar irrigation command was 
selected for operational research on drainage and related water management. It is located in 
between 73” 2’ 51” to 73” 3‘ 25” E longitudes and 21” 12’ 18” to 21” 13’ 31” N latitudes. The site 
encompasses four villages namely Segwa, Sevni, Asta and Vansda Rundhi in the Kamrej taluka of 
the Surat district at the Segwa minor ex. Surat branch of Kakrapar Left Bank Main Canal. The area 
is bounded in the North by Surat branch, Natural drain in South, Segwa minor in the west and a 
cart road in the East. This area is about 10 km inside towards East of Bombay-Ahmedabad road 
(National highway No. 8). A metalled road-joining village Segwa and Vansda Rundhi is bifurcating 
the area towards the East and the West. About one third of the area on the eastern side of this 
road is irrigated by tube wells while remaining is irrigated through canal water. Conjunctive use 
of water is also made in some parts of the canal command. Waterlogging coupled with initiation 
of secondary salinisation is deteriorating the soil health and crop productivity in the pilot area. 
8.3 Model Calibration and Validation 
The data used in SALTMOD are collected before and after the installation of drainage system. The 
model was calibrated by using the data on cropping pattern, water table, hydraulic conductivity, 
salinity status, leaching efficiencies, drain discharges etc. Tbe input parameters used in calibrating 
the model are shown in Tables 21 and 22. 
Table 21. Season-wise input parameter for use in SALTMQD 
S.No.Parameters Season 1 Season 2 Season 3 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
‘13  
Duration 15Ih Jun to 1 5Ih Nov 
(5 months) 
Crops grown Sugarcane, Paddy 
Water sources Canal, Well 
Fraction of area occupied by irrigated crop other than rice 0.60 
Fraction of area occupied by irrigated rice crop 0.15 
Fallow /barren 0.25 
Rainfall (m) 0.90 
Water used for irrigation in crops other than rice (m) 
Water used for irrigation in rice crop (m) 
Potential evapotranspiration of crops other than rice (m) 
0.30 
0.65 
0.80 
1.35 
0.80 
Potential evapotranspiration of rice crop (m) 
Potential evapotranspiration from unirrigated area (m) 
Outgoing surface runoff (m) 0.28. 
16Ih Nov to 15th Mar 
(4 months) 
Sugarcane 
Canal, Well, Drain 
0.75 
0.00 
0.25 
0.02 
1 .o0 
0.00 
0.50 
0.00 
0.70 
16th Mar to 1 5Ih Jun 
(3 months) 
Sugarcane, Paddy 
Canal, Well, Drain 
0.60 
0.15 
0.25 
0.10 
0.80 
1.40 
0.50 
0.90 
0.75 
I ,  
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Figure 15. Line diagram showing layout of the drainage pilot 
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Table 22. Other input parameter for use in SALTMOD 
I S.No Parameter Value 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Storage efficiency 
Depth of root zone 
Depth of transition zone 
Depth of aquifer 
Total pore space of root zone 
Total pore space of transition zone 
Total pore space of aquifer 
Effective porosity of root zone 
Effective porosity of transition zone 
Effective porosity of the aquifer 
Initial salt content of the soil moisture (dS/m) at field saturation in 
-Root zone 
-Transition zone 
-Aquifer 
Mean salt concentration of irrigation water in the pilot area (dS/m) 
Initial depth of water table from ground surface 
Critical depth of water table for capillary rise 
0.'75 
0.85 
6.0 
50 
0.50 
0.50 
0.60 
0.05 
0.05 
0.20 
12.0 
7.0 
0.9 
1 .o 
1.6 
8.3.1 Determining the Natural Subsurface Drainage 
Natural subsurface drainage (Gn = Go - GI) is defined as excess of the horizontally outgoing water 
minus the horizontally incoming groundwater in m / season. The values were determined by 
keeping value of G, as zero and arbitrarily changing the Go values to find values of depth to water 
table (Dw) and Gd that correspond with the observed values. The annual Go values of O, . O M ,  .020, 
.040, .050, .075,0.100 and 0.125 were considered. Table 23 shows final Dw and Gd values after one 
year of installation of the drainage system. This table shows that observed values coincided with 
Gn values at around 0.018. 
Table 23. Determination of natural drainage 
Season 1 Season 2 Season 3 
Gn Gd Dw Gd Dw Gd Dw 
.o00 
.O1 8 
.O20 
.O40 
.O50 
.O75 
.loo 
,125 
Observed 
.O98 
.O88 
.O88 
.O82 
.O82 
.O77 
.O64 
.O53 
.O88 
.76 
.81 
.81 
.83 
.83 
.86 
.92 
.96 
.80 
.O54 
.O54 
.O53 
.O50 
.O48 
.O40 
.O39 
.O37 
.O54 
.90 
.90 
.91 
.92 
.93 
.98 
.98 
.99 
.90 
.O20 
.O20 
.o1 9 
.O1 8 
.O1 5 
.O1 5 
.O14 
.o12 
.o20 
1 .O5 
1 .O5 
1 .O6 
1 .O7 
1 .o9 
1 .o9 
1 .O4 
1.11 
1 .O5 
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8.3.2 Calibration of Leaching Efficiency 
Leaching efficiency of the root zone (Flr) is given arbitrary values of 0.2, 0.4, 0.6, 0.8 and 1.0 and 
the corresponding salinity results are compared with the actual field observations. The graphical 
representations of leaching efficiencies of root zone and transition zone are depicted in Fig. 16 and 
Fig. 17 respectively. The observed salinities were found to be close when the Flr and Flx were 
given a value of 0.7. However, while calibrating the leaching efficiency of transition zone, very 
slight difference was observed amongst different efficiencies (Flx) mainly because of the existing 
subsurface drains, as they drain out the salts in the upper layer itself and only part of leached 
water passes through the transition layer. Further, after first three years irrespective of variation 
in the leaching efficiency of transition zone, the root zone salinity is not affected. 
14 .......................... __ ..,...._. " ................................. 
i 
o '  r 
O O I 2 2 3 4 Ti&e(drs) 6 6 7 8 8 9 10 
-+- Flr = 0.2 
+ Flr = 0.4 
-&- Flr = 0.6 
* Flr = 0.7 
ili Flr = 0.8 
+ F l r =  1 
+observed 
Figure 16. Calibration of the leaching efficiency of the root zone 
l4 W l  
O '  
O I 2  2 3 4 4 5 6 6 7 8 8 9 1 0 1 0  
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&FIX = 0.2 
-w- FIX = 0.4 
-+- FIX = 0.6 
+FIX = 0.7 
+ FIX = 0.8 
+FIX = 1.0 
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Figure 17. Calibration of the leaching efficiency of the transition zone 
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8.4 Scenario Building 
8.4.1 Prediction of Soil Salinity with Drainage System 
Predicted of salinities for 10 years period after installation of subsurface drainage system are shown 
in Fig. 18. The root zone salinity (Cr4) decreased form 12 dS/m to around 7 dS/m in the first year 
and after 3 years the salts get leached to the acceptable limit of 2 to 3 dS/m. The soil salinity above 
drain level (Cxa) increased from 7 dS/m to around 9 dS/m during the first year, as salts leached 
from the top layers built-up the salinity above drain level. Thereafter, the Cxa values constantly 
declined reaching the acceptable range in third year and varying from 2 to 3 dS/m thereafter. 
However, the soil salinity below drain level (Cxb) declines at slower pace and would come below 
4 dS/m only after 10 years. The figure shows an interesting feature that the salinity of the aquifer 
zone (Cqf) which was assumed to be 2 dS/ m shows slight increase with time because part of the 
leached salts from the upper layers would percolate to the aquifer zone. 
...... ............................. .... . . . . .  
O 0 1 2  2 3 4 4 5 6 6 7 8 8 9 1 0 1 0  
Time after installation of drains (yrs) i OL--- 
Figure 18. Behaviour of salinity of the root, transition, 
aquifer zones following drainage 
, 
8.4.2 Reconstruction of the Initial Situation 
Prediction of salinities for 10 years period without subsurface drainage system is shown in 1 
Fig. 19. The model calculates the ayerage soil salinity of the whole pilot area in the rooting zone. It 
varies from 6 to 7.dS/m and shows a steady increase, though at a slow pace over the years, reaching 
the levels of 8 dS/m in second season of loth year. This figure also depicts that after first year 
during kharifseason, Cr4 values are the lowest in the rooting zone because good quality rainwater 
leaches down the salts from the top layer. During rabi and summer seasons due to capillary action 
the salts accumulation is more than kharif season. The model predicts that salt concentration of 
transition zone increases from 2.5 dS/m to 3.5 dS/m in 10 years. The salt concentration in the 
aquifer remains at 2 dS/m level. 
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Figure 19. Simulated salinity in the root, transition and aquifer zones 
assuming no drainage in the pilot 
8.4.3 Effect of Varying Drain Spacing on Root Zone Salinity 
Variation in root zone salinities (Cr4) due to change in drain spacing, which would ultimately 
affect the QH1 relationship is depicted in Fig. 20. Therefore, with reference to the actual QH1 
value of 0.0015, simulations were made using QH1 values which are lower by 20%, 40% and 60% 
of the actual value. The lesser than the present lateral drain spacing was not tested. It could be 
seen that only when the QH1 was 0.0006 (60 % less than .0015) the root zone salinity remained 
above 3 dS/m whereas in rest of the cases the salinities dropped and stabilised at around 2.5 dS/ 
m. It does indicate some possibility of increasing drain spacing from the present one. This 
observation needs field testing as by increasing the lateral drain spacing, cost of subsurface drainage 
could be reduced. 
9 -  
............................... ..................... - ...... 
4 2 t  I 
$i 1- ---I 
O 
1 2  3 4 5 6 7 8 9 IO 
Time after installation of drain (YE) 
- __ - - __ -. - - 
--+- QHl = O.OOO6 
-W- QHl = 0.0009 
-A- QH1= 0.0012 
+ QH1= 0.0015 
Figure 20. Root zone salinity at the end of rabi season 
as influenced by drain spacing 
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8.4.4 Effect of Varying Drain Depth and Irrigation Water Applied on Water Table 
Depth of the water table due to variation in drain depths (Dd) and irrigation water supplies (IWS) 
is shown in Fig. 21. The model runs show that the water table remains 1 m below the ground level 
when the irrigation water supplies are kept at the same level or below the present supplies. Simdarly, 
the water table could be kept a t  lower than 0.8 m below ground level only when the drain depth is 
either at the present level or more than the present level. 
4 
3.5 
Change in parameter 
! + D d  , 
I -A- IWS 
Figure 21. Depth to water table as influenced by changes 
in diffrent parameters 
8.5 Conclusions and Recommendations 
The model SALTMOD for the Segwa minor canal command, once it was calibrated and 
validated with the data collected in the Segwa pilot area, predicted fairly correct trends for 
both the water table and soil salinity. 
Canal command areas are likely to get salinised if appropriate drainage intervention is not 
introduced. 
SALTMOD is an effective tool to forecast water table and soil salinity under various situations 
and therefore, could help in the design of drainage systems once the basic input parameters 
are known. 
44. 
Joint Completion Report on IDNP Result # 3 
”Computer Modeling i17 Irrigation and Drainage” 
9. SALT AND WATER BALANCE MODELLING: TUNGABHADRA ’ 
IRRIGATION PROJECT (UASD) 
9.1 Introduction 
The Tungabhadra irrigation project is a major inter-state irrigation project of peninsular India. It 
was commissioned during 1953 with an irrigation potential of 3.63 lakh hectares in Karnataka and 
1.6 lakh hectares in Andhra Pradesh. The project was designed for protective irrigation and almost 
three-fourth of the command area was earmarked for light irrigated crops. 
Prior to 1990, cotton was the major crop and irrigation was mainly protective after cessation of 
monsoon rains. However, in recent years, frequent failure of cotton due to pests and diseases and 
secondary salinisation of the area, has resulted in paddy overtaking cotton. Rice-rice cropping 
sequence has become the mainstay of the Tungabhadra irrigation command. According to the 
CADA report only 8 per cent (29,032 ha) was localised for rice cultivation. The current estimates 
are that the rice is cultivated over 80,000 ha in left bank canal alone with progressive increase each 
year. This has created a serious imbalance in the per capita availability of water in the irrigation 
command. Use of water at the head end command is substantially high due to rice cultivation, 
while large areas at the tail end suffer either due to little or no water. 
After the introduction of irrigation, the ill-effects of waterlogging and salinity are overwhelming 
in the command area due to many reasons. The extent of problem, which was just under 20,200 ha 
during 1979-80 has risen to over 80,000 ha during 1996-97. It seems that since 1979-80, the area 
under waterlogging and soil salinisation is increasing at  the rate of 3,000 ha per annum. It has 
been estimated that there is a progressive salinisation of the command over the years. Soil salinity 
has increased from 0.6 to 5.5 dS/m in l m  depth of soil in the last 35 years. Canal seepage is 
believed to be one of the major causes of water table build-up and soil salinisation. Farmers at the 
tail end of the irrigation command have resorted to use drain/nala/underground poor quality 
waters and it has added a new dimension to the problem. 
Inequitable distribution and loss of water has resulted in non-availability of irrigation water to 
70,000 to 80,000 ha in the tail-end command and further a loss of 80,000 ha due to waterlogging, 
salinity and alkalinity. The excessive irrigation in upper reaches has caused a significant decline 
in the potential profitability of the command area. According to a conservative estimate, loss in 
crop production is about Rs. 300-500 millions per year due to non-availability of water while, an 
additional Rs. 250-300 millions per year due to waterlogging and salinity. 
SALTMOD is a computer program for the prediction of the salinity of soil moisture, groundwater 
and drainage water, the depth of the water table and the drain discharge in irrigated agricultural 
lands. It requires information on different (geo)hydrologic conditions, varying water management 
options, including the use of groundwater for irrigation and crop rotation schedules. This model 
is used in the present study to analyse the change in salt and water balances after the introduction 
of subsurface drainage and to make long-term predictions of soil salinity and depth to water table 
in the pilot area. 
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9.2 Study Site 
The topography of the Left Bank Command area is rather undulating and only occasionally gives 
the impression of a flat plain. The canal is a contour canal and forms the boundary of the command 
areas of two adjacent distributaries. Field experiments on an interceptor drainage system were 
conducted during 1998-2001 at distributary D-36/1, covering an area of 62 ha. This distributary 
runs on a well-defined ridge perpendicular to the main canal. A three-tier interceptor drain of 10 
cm diameter was laid at a depth of 0.75 m from the surface to intercept the incoming seepage 
flows from canal and prevent waterlogging and soil salinisation in low lying areas. The drains 
were laid at a spacing of 150 m running parallel to D-36/1 near Sindhanur during 1998. The drain 
placement is about 100 m away from the natural drain (Vade halla) and 1500 m from the canal. 
The interceptor drains are laid with corrugated and perforated PVC pipes with filters. ' 
Performance of interceptor drainage system was evaluated in terms of changes in soil salinity, 
depth to water table, crop yield, cropping intensity, etc. The study was initiated during kharif 
1998 and continued up to kharif 2001. Changes in soil salinity due to interceptor drainage system 
were evaluated by collecting soil samples at 12 grids points. The performance of interceptor 
drainage system was also monitored in terms of changes in depth to water table. Water table 
depth was recorded in each crop season after the harvest of the crop. To assess the amount of salts 
removed from the study area, drain discharge was measured periodically and analysed for its 
quality. To study the individual performance of the three parallel interceptor drains, individual 
drain discharge and its salinity was measured separately during Aug. 2000 to May 2001. These 
three drains removed almost same quantity of drainage water and their salt concentration is also 
more or less similar. It indicates that the drainage water removed through the drains is mostly 
from the paddy area than intercepted seepage from the canal. 
9.3 Model Calibration 
Üsing the data collected at the pilot study area and by estimating some of the parameters, the 
input file for SALTMOD is prepared and presented in Tables 24 and 25. Values of few of the 
parameters are assumed logic'ally. For example, the leaching efficiency of the root zone and 
transition zone were calibrated using the field data and were taken as 0.70, while the leaching 
efficiency of the aquifer was taken as 1.00. 
9.4 Scenario Building 
9.4.1 Prediction of Future Soil Salinity and Depth to Water Table 
SALTMOD was run for 20 years period for the prediction of root zone salinity and water table 
depth. The salinity of soil moisture in the root zone (Cr4) is observed to reduce considerably due to 
the influence of drainage systems in the pilot area (Fig. 22). This figure shows that, for any year, the 
Cr4 values in the first cropping season are observed to reduce due to leaching by the high amounts 
of irrigation water and rainfall. After this, the soil salinity is further reduced in the second cropping 
.season due td leaching by the huge quantities of irrigation water applied for the paddy crop. 
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Table 24. Season-wise input parameters for use with SALTMOD 
SI. Parameters 
No. 
Season 1 Season 2 Season 3 Season 4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Duration 1 August to 
31 December 
(5 months) 
Crops grown Paddy 
Source of water Rainfall and 
Fraction of area occupied by irrigated crops 
Fraction of area with unirrigated crops 
Fallow 0.05 
Rainfall (m) 0.55 
Canal water used for irrigation (m) 0.55 
Groundwater used for irrigation Nil 
Potential evapotranspiration of crops (m) 0.72 
o. 1 
Irrigation water 
0.95 
* .  . 
Percolation from canal system (m) 
Outgoing surface runoff (m) 0.122 
Out going groundwater flow through aquifer (m) 0.10 
1 January to 
31 January 
(1 months) 
Fallow 
Canal water 
1 .o 
0.0 
0.0 
Nil 
0.075 
0.0 
0.0 
0.09 
1 February to 
31 May 
(4 months) 
Paddy 
Irrigation water 
0.95 
0.05 
0.05 
1 .O5 
Nil 
0.73 
o. 1 
0.240 
0.10 
1 June to 
31 July 
(2 months) 
Fallow 
Nil 
1 .o 
0.0 
Nil 
0.34 
0.0 
0.0 
0.09 
Table 25. Other input parameters for use with SALTMOD 
SI. No. Parameter Value 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Storage efficiency 
Depth of root zone 
Depth of tiansition zone 
Depth of aquifer 
Total pore space of root zone 
Total pore space of transition zone 
Total pore space of aquifer 
Effective porosity of root zone 
Effective porosity of transition zone 
Effective porosity of aquifer 
Initial salt content of the soil moisture (dS/m) at field saturation in 
root zone/transition zonelaquifer 
Salt concentration of canal water (dS/m) 
Initial depth to water table from ground surface 
Critical depth of water table for capillary rise 
Leaching efficiency of root zone/transition zone/aQuifer 
0.80 
0.50 ' 
1.50 
25.0 
0.40 
0.40 
0.40 
0.20 
0.20 
0.30 
8.5/10.0/10.0 
0.30 
' - 0.45 
1 .o0 
0.70/0:70/1 . O 0  
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Decreasing trend in root zone soil salinity’is observed in the first three years. During this period, 
the salinity decreased from its initial value of 8.5 dS/m to 1.5 dS/m during the kharif, while in 
rabi it was 2.3 dS/m. Thereafter, the root zone salinity is practically constant and is maintained at 
the same level. By the end of 20 years, the predicted root zone salinity is 1.5 dS/m and 2.2 dS/m 
during kharif and rabi, respectively. If one compares the actual values (three years) with the 
simulated values, more or less similar trend is observed in both the cases, while a slight variation 
in the absolute values is noticed in both the seasons. The salt concentration in the transition zone 
(above and below the drain) is also reduced considerably due to influence of subsurface drainage 
system. Decreasing trend in the salinity is observed throughout the predicted period. By the end 
of 20 years, the predicted salinity above the drain is 1.9 dS/m and 1.8 dS/m during kharif and 
rabi, respectively. The predicted salinity below the drain is 1.8 dS/m and 1.5 dS/m during kharif 
and rabi, respectively. Gradual reduction in soil water salinity in the aquifer (Cqf) is also observed 
over a period of time. By the end of 20 years, the salinity decreased from its initial value of 10.0 
dS/m to 5.5 dS/m. 
The simulated depths to water table indicated that the water table remains shallow ( 0.65 to 0.7 m) 
in both the seasons even after the provision of subsurface drainage system (Fig. 23). This is mainly 
due to shallow drain depth (0.75 m). By comparing the actual values (three years) with the simulated 
values, a deeper water table depth is noticed under the actual field condition than simulated 
during the rabi period. This is mainly due to canal closure and peak summer period. During 
kharif, a slight variation in the absolute values is noticed and this variation is only to the extent of 
5 to 10 cm. About 25 and 15 cm of water percolates during kharif (rainy) and rabi (summer) 
seasons respectively, due to high rainfall received and excessive irrigation water applied to the 
crop. No capillary-rise is observed in both the seasons. The achieved irrigation efficiency and 
sufficiency is about 65 and 98 per cent, respectively. 
9.4.2 Effect of Controlled Drainage on Root Zone Salinity and Water Table 
In the pilot study area, farmers started blocking the drainage system after two years of installation. 
The effect of controlled drainage on root zone salinity and changes in water table depth is simulated 
for three different conditions i.e. blocking the drains during both rabi and kharif crop seasons, 
blocking during rabi only and blocking during critical crop stages in both the seasons. In all the 
three cases, 30 cm depth of irrigation water is applied in the second season to meet the leaching 
requirement of the soils. Since, there is no supply of canal irrigation in the fourth season, no 
irrigation can be provided during this season to meet the leaching requirement. The time weighted 
leaching efficiency (Fh) is calculated for all the three different controlled drainage conditions and 
used for prediction. The simulated values through the SALTMOD after season four were used for 
prediction. Fig. 24 and Fig. 25 show that in case of blocking during both rabi and kharif crop 
seasons, root zone salinity will increase considerably over a period of time even after applying 30 
cm irrigation water in the second season for leaching. The salinity increased from 2.2 dS/m to 4.1 
and 2.7 dS/m in the first year itself during rabi and kharif, respectively. Salinity increased further 
to 5.6 dS/m and 4.5 dS/m in the second year during rabi and kharif, respectively. By the end of 20 
years, the root zone salinity is increased to about 12 dS/m in both the seasons. It indicates that 
complete blocking of the drainage system during cropping period had adverse effect on soil salinity. 
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Figure 22. Comparision of actual and predicted root zone salinity 
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Figure 23. Comparision of actual and predicted depth to water table 
In case of blocking during rabi season and blocking during critical crop stages, a marginal increase 
in salinity is observed in both the cases and in both the seasons. By the end of 20 years, the root 
zone salinity is increased marginally from 2.2 dS/m to 3.1 and 3.6 dS/m during rabi in case of 
blocking during rabi season and blocking during critical crop stages, respectively. During kharif, 
root zone salinity is increased marginally from 2.2 dS/m to 2.3 and 2.8 dS/m in case of blocking 
during rabi season and blocking during critical crop stages, respectively. This shows blocking the 
drainage system during rabi and during critical crop stages in both the seasons had less effect on 
soil salinity and the root zone salinity is maintained within the safe limit (c  4 dS/m). 
Effect of controlled drainage on changes in water table depth for different blocking conditions is 
shown in Fig. 26 and Fig. 27. During rabi, water table is raised from itsinitial level of 0.68 m below 
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ground surface to 0.34 m in case of blocking during both rabi and kharif crop season. Marginal 
rise in water table is also observed in case of blocking during rabi only ( 0.50 m) and blocking 
during critical crop stages in both the seasons (0.61 m). During kharif, water table rises sharply 
from its initial level of 0.68 m below ground surface to 0.0 m (i.e. on the ground surfaces) in case of 
blocking during both rabi and kharif crop seasons. Marginal rise in water table is also observed in 
case of blocking during rabi only (0.63 m) and blocking during critical crop stages in both the 
seasons (0.56 m). This shows that blocking of the drainage system in both the seasons should be 
avoided. Even.though a marginal rise in water table is observed in case of blocking during rabi 
only and blocking during critical crop stages in both the seasons, the water table is deeper (< 
0.5m) and should have no adverse effect on crop. 
-80th the crop period -Rabi crop -Critical period 
14 I I 
- 1 _ _ _ _ _ _ -  - - - -  
O 5 10 15 20 
Year 
Figure 24. Effect of controlled drainage on soil salinity (Rabi) 
-80th the crop period -Rabi crop -Critical period 
14 1 
12 
1 
o ,  5 10 15 20 
Year 
Figure 25. Effect of controlled drainage on soil salinity (Kharif) 
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Figure 26. Effect of controlled drainage on water table depth (Rabi) 
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Figure 27. Effect of controlled drainage on water table depth (Kharif) 
9.4.3 Effect of Varying Drain Spacing on Root Zone Salinity 
The drain spacing is represented by a parameter, QH1 in the input file. The higher the QH1 value, 
the spacing between the drains will be the narrower. The QH1 value under the present drain 
spacing in the pilot area is 0.01. In order to simulate the effect of drain spacing on root zone 
salinity, the QH1 values were varied in the range of 60% (QH1= 0.006), 80% (QHl= O.OOS), 120% 
(QH1=0.012) and 140% (QH1=0.014) of the present value. It was observed that the results of all 
the simulations almost overlaped and eventually lead to the same soil salinity as in the present 
system. Since the spacing of the drains is already 150 m against a recommended spacing of 50 m 
or so, such results seem reasonable. More over, minor numerical diffrences in the first two years 
are of little consequence in a system with a long life of 30 years or more. It seems that land 
reclamation is possible even with higher spacing of 150m in this area. Studies at several other 
locations in India have also confirmed that larger lateral spacing than the designed spacing has 
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I 
helped to reclaim saline lands. Within 2-3 years, crops yield in large drain spacing become identical 
with the system laid with designed drain spacing. 
9.4.4 Effect of Changes in Irrigation Water Applied on Root Zone Salinity 
the model was run with water application of 60, 80, 120 and 140% of the existing level. As the 
i 
i 
i, 
f 
In order to simulate the effect of changes in irrigation water applied (IWS) on root zone salinity, 
amount of irrigation water applied increased, the root zone salinity reduced faster because of 
more leaching of salts from root zone into deeper layers (Fig. 28). However, by applying 60 and 
80% of present amount of irrigation water, the root zone salinity during first year is more than 5 
dS/m and from the third year onwards the salinity is less than 4 dS/m. However, lesser irrigation 
sufficiency, i.e., 72 and 88 per cent is achieved in case of 60 and 80 O/O of present amount of irrigation 
water, respectively. This may affect the crop growth and result in lower crop yields. Application 
of more amount of irrigation water resulted in lesser irrigation efficiency (about 50 Yo). In the 
present study existing level of irrigation water applied had better irrigation efficiency (65 Yo) and 
sufficiency (100 "/o). 
10 
-60% -80% 
o '  
.O 2 4 6 0 10 12 14 16 10 20 
Period (Years) 
Figure 28. Variation in root zone salinity for different irrigation levels 
9.5 Conclusions and Recommendations 
On the basis of preliminary calibration and application of SALTMOD for salt and water balance 
modeling of the Tungabhadra project pilot area, the following conclusions are drawn: 
SALTMOD is a very useful model for prediction of salinity of soil moisture, groundwater 
and drainage water, the depth of the water table and the drain discharge in irrigated 
agricultural land under varying water management options. Its simplicity of operation and 
minimum requirement of field data promotes its use by field engineers to obtain results that 
could be useful for planners. ' 
I 
i 
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m e  model predicts that due to the existence of drainage system, the root zone soil water 
salinity will be reduced to about 2.5 dS/m (from an initial value of 8.5 dS/m) within two 
years. 
The model shows that controlled drainage during rabi only and during the critical crop 
stages in both the seasons had little effect on the build-up in root zone soil salinity; the root 
zone soil salinity is maintained within the safer limit (< 4 dS/m). But, complete blocking of 
the drainage system during both the cropping seasons had adverse effect and lead to build 
up of soil salinity soil salinity. 
The present spacing of the drainage system seems reasonable to control water table and soil 
desalinization. 
By reducing the amount of irrigation water by 20% of the present level, the root zone salinity 
can be brought down to 5 and 4 dS/m by the end of the second and third year, respectively. 
This will result, however, in a lesser irrigation sufficiency which may affect the crop growth 
and consequently lower crop yields, whereas the application of more irrigation water than 
presently used will result in a lesser irrigation efficiency (about 50 YO). 
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SYMBOLS USED 
A D  Alternate application of canal and drainage water 
AG 
cw Canal water 
Cbot 
Alternate application of canal and groundwater 
Salt concentration of soil water at bottom of the profile (mg/ 
cm2) 
Salt concentration of the soil moisture in the aquifer, when 
saturated, at the end of the season (EC in dS/m) 
Salt concentration of the soil moisture in the root zone, when 
saturated, at the end of the season (EC in dS/m) 
Salt concentration of the soil moisture in the transition zone 
aquifer above drain level, when saturated, at the end of the 
season (EC in dS/m) 
Salt concentration of the soil moisture in the transition zone 
aquifer below drain level, when saturated, at the end of the 
season (EC in dS/m) 
Seasonal average salt concentration of the soil moisture in the 
transition zone, when saturated, at the end of the season (EC 
in dS/m) 
Cqf 
Cr4 
Cxa 
Cxb 
Cxf 
- 
Dd 
Ds 
DW Drainage water 
Dw 
Depth of subsurface drains (m) 
Salt storage in the root zone (mg/cm2) 
Seasonal average depth of the water table below the soil surface 
(m) 
Eact Actual evaporation (cm) 
E=. Electrical conductivity of soil saturation extract (dS/m) 
ET Evapotranspiration 
Flr 
Gd 
Leaching efficiency of the root zone (-) 
Total amount of subsurface drainage water (m3/season per m2 
total area) 
Horizontally incoming groundwater flow through the aquifer 
i (m3/season per m2 total area) 
Gi 
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Gn Excess of the horizontally outgoing over horizontally incoming 
groundwater flow through the aquifer (m3/season per m2 total 
area) 
Horizontally outgoing groundwater flow through the aquifer 
(m3/season per m2 total area) 
GO 
G w  Groundwater 
IMD 
P 
Qbot 
QH1 
RSC 
SAR 
Tact 
a 
DW 
DS 
Indian Meteorological Department 
Irrigation water applied (cm) 
Irrigation Water Applied during a particular season 
Crop coefficient 
Shape factor, Mualem-Van Genuchten functions (- ) 
Saturated hydraulic conductivity (cmd-') 
Shape factor, Mualem-Van Genuchten functions (- ) 
Precipitation (cm) 
Soil water flux at bottom of the profile (cm) 
Ratio of drain discharge and height of the water table above 
drain level (m/day per m) 
Residual sodium carbonate 
Sodium adorption ratio 
Actual transpiration (cm) 
Shape factor, Mualem-Van Genuchten functions (cm-l) 
Change in water storage (cm) 
Change in salt storage (mg/cm2) 
-- 
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